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ABSTRACT 
A comprehensive, systematic study on the mitotic activity of the pri-
mordial germ cells (PGCs) of the chick embryo during the period of migration 
of these cells from the germinal crescent to the developing gonads had appar-
ently never been made, It thus became of interest (1) to investigate this 
problem to determine the presence or absence of mitotic activity during this 
period, and (2) to study the effects of steroid hormone administration on 
this activity and on the colonization of the developing gonads. 
The colchicine metaphase arrest technique was employed to facilitate 
the identification of dividing PGCs in early white leghorn chick embryos 
ranging in age from 18 hours to five days of incubation (stages 3-27). 
An increase in the number of PGCs was observed during the period of 
migration, due primarily to an increase in their intra-embryonic number, since 
no significant increase in the number of extra-embryonic PGCs was seen during 
this period, The number of PGCs during this period ranged from 43 at 18 hours 
to 2211 at 120 hours, Two periods of intense proliferation were observed, the 
first between 48 and 72 hour~ and the second between 96 and 120 hours. This 
coincided with a simultaneous increase in the number of mitotic PGCs during 
these periods. 
Dividing germ cells were seen in the germinal crescent area prior to 
their incorporation into the extra-embryonic circulation. Following their 
entrance into the circulatory system, dividing PGCs were seen within extra-
embryonic vessels anterior, lateral and posterior to the embryo at 28, 48 and 
x 
xi 
72 hours and within the intra-embryonic circulatory network at 48, 72, 96 and 
120 hours. 
During the active phase of migration at 72, 96 and 120 hours, dividing 
PGCs were relatively numerous in the tissues of the dorsal mesentery, prior to 
their entry into the developing gonads, and within the developing gonads. Di-
vision also occurred in those which were localized in ectopic sites. These 
areas included the head mesenchyme, limb buds and the mesenchyme surrounding 
the notochord-neural tube complex. Thus, mitotic activity of PGCs was observed 
during both the active and passive phase of migration. 
A consistent asym~etry in the distribution of PGCs predisposed to the 
left side was not apparent until the fourth day. The distribution of these 
cells in the area. of the dorsal mesentery and the developing gonads was pri-
marily responsible for this condition. 
In an attempt to determine whether steroid hormones have any influence 
on the germ cell colonization of the developing gonads, estrogens, androgens 
and an anti-androgen, cyproterone acetate, were administered, either in crys-
talline form or dissolved in solution, to the blastodisc at 33 hours incu-
bation. 
Under the conditions and methods employed, it appeared that the steroids 
utilized did not have an appreciable effect on the aggregation of germ cells 
in the area of the developing gonads, or on the colonization of the gonads, 
either by enhancing or inhibiting migration of these cells when compared to 
controls. These preparations also appeared to have no influence on the mitotic 
activity of these cells. 
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I. INTRODUCTION 
-Many investigations on the pri.'nordial germ cells (PGCs) of the chick 
have been carried out since the publication of Waldeyer on "Eierstock und 
Ei 11 in 1870. These studies have been concerned primarily with problems in-
volving the origin, maturation and migration of these cells. While many 
other vertebrates were also investigated during this period, the chick em-
bryo seems to have been the animal of choice. 
It is now well established that the PGCs of the chick increase in num-
ber with increasing age of the embryo (Meyer, •64; Domm et al., '67; van 
Limborgh, '68a; Swartz and Domm, 169). Reports as to when and where this 
increase occurs, however, g,re not in such agreement. Ruba.schkin ( 107) and 
Blocker ( 133) maintain that the increase observed in the chick and in the 
English sparrow occurs primarily after these cells have reached the develop-
ing gonads and they assert that mitotic activity does not occur during the 
period of migration. Other investigators have reported the appearance of 
sporadic mitoses in the chick during the passive phase of migration within 
the blood vessels (Swift, 114; Goldsmith, 128; Clawson and Domm, 163a; 
Meyer, 164). Nith respect to the active phase of migration, or that period 
during which the germ cells are moving through the tissues, no reference 
has been found except that of Clawson and Domm ( 163b) who state that they 
found no evidence of mitosis in any of the tissue PGCs before they reached 
the germinal epitheliu.~ covering the developing gonads. Most authors, how-
ever, agree that once these cells have reached the gonadal anlagen, a rapid 
1 
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proliferation ensues (Swift, 114, 115; Goldsmith, 128; Franchi et al., 162; 
Narbaitz and Adler, 166; Callebaut, 167) •. 
Swift ( 114) reported that: 
Up to the stage now about to be described, that of 8 days, there 
has been but little evidence of division of the primordial germ 
cells and most of that evidence has been of an indirect nature--
an increase in the actual number of germ-cells present in each 
section from stage to stage, and their arrangement, at times, in 
groups, as if indicative of past mitoses. 
In an extensive review of the literature, Hardisty ( 167) maintains that 
studies on the onset of mitosis in the PGCs of birds are conflicting and con-
eludes that the reports, asserting that mitotic activity is inhibited during 
migration, are of negative nature, that is, a failure to actually observe 
these cells in mitosis, 
A comprehensive study of these cells and their mitotic activity during 
the period of migration from their extra-embryonic origin in the germinal 
crescent to the developing gonads, should clarify some of the existing con-
troversy. The purpose of this study was an attempt to prov~de conclusive 
evidence o~ the occurrence and frequency of division of the PGCs during the 
period of migration. 
The distribution of the PGCs in the gonads of the chick embryo has at-
tracted the attention of many investigators (Matsumoto, '32; Abdel-Malek, 
'50; Venzke, '54; van I..imborgh, 168a and others). The fact that the right 
gonad of the female becomes rudimentary at an early age, and in the male is 
frequently somewhat smaller than the left, has contributed to this interest 
3 
(Brode, 128; 'Witschi, '35; Romanoff, 160; Marshall, 161). The asymmetry in 
size of the gonads of the chick is reflected in an unequal distribution of 
these cells in the gonads of both sexes and it has been reported that this 
a.symmetry in gonadal distribution is definitely established as early as four 
days of incubation (Venzke, '54; Clawson and Domm, 163b; van Limborgh, •68b). 
Thus, it became desirable to determine whether this asymmetry in distribution 
also occurs in areas immediately adjacent, as well as in areas apart from the 
developing gonads. In other words, does this asyrmnetry occur only in the go-
nads beginning at four days, or is it also present in other areas along the 
migratory pathway either at this time or earlier? 
Investigators have long sought for an explanation as to why the PGCs 
colonize the gonads and not some other embryonic area. The fact that these 
cells may be attracted to this area by a chemotactic-like force or agent has 
gained the attention of many observers (Firket, '13, 114; '/Jillier, '39; 
Witschi, 148). However, the nature of this force or agent, if indeed one 
does exist, has eluded these investigators. Several theories have been pro-
posed. Baillie et al. ( 166) concluded that a chemotactic agent may be syn-
thesized in the genital ridges which could be responsible, not only for at-
tracting germ cells to this area but also, for the observed acceleration in 
mitosis once these cells have reached this area, and suggested that the agent 
involved may be steroidal in nature. The actual secretion of hormones or 
hormone-like substances by the gonads as early as the period of germ cell 
migration (18 hrs to five days) has not been demonstrated. Wolff et al. 
( 166), Cedard and Haff en ( '66) , ~Jeniger et al. ( • 67) and Haff en and Cedard 
4 
(' 68), by in vitro studies, reported that the gonads of the eight day chick 
embryo had the capacity to synthesize both estrogens and androgens in the 
presence of radioactive precursors, That these steroids may be produced in 
minute and as yet undetected amounts during the period of germ cell migration 
can not be disregarded, Recently, Rabuck ( '66) , Hoods and Weeks ( '69) and 
others have reported the presence of A5-3j3-hydroxysteroid dehydrogenase in 
the genital ridges prior to sex differentiation, Ericson ('68) and Ericson 
and Domm ('?O) found this same enzyme in the adjacent adrenals of the early 
chick embryo, This is a key enzyme in the biosynthetic pathway leading to 
the synthesis of both estrogens and androgens and its presence in a tissue 
has been regarded as an index of steroidogenic activity (Baillie et al., •66), 
Chieffi ('65) theorized that if hormones were synthesized at this early 
age they could be responsible for the process of sex differentiation itself, 
although such hormones could be different from the steroidal sex hormones of 
the adult, These hormones, if present, might act as chemotactic agents as 
suggested by Baillie et al, (•66), 
By the application of steroid hormones, this hypothesis will be tested 
so as to gain some insight into the factor(s) responsible for the apparent 
attraction of the germ cells by the developing gonads, If the factor or a-
gent responsible for gonadal colonization is steroidal in nature, and andro-
genic or estrogenic in character, the application of such a steroid at a 
critical period in development could affect the orderly migration of these 
cells, Specifically, it should determine whether exogenous steroidal hor-
mones exert an influence on germ cell colonization of the gonads either by 
5 
enhancing, inhibiting or otherwise interfering with it, 
II, REVIEW OF LITERATURE 
A. Theories on Origin 
Waldeyer (1870) observed germ cells in the epithelial covering of the 
developing gonads of the chick embryo and concluded that they were formed in 
this layer; hence, the layer became known as the "germinal epithelium", A few 
years later Nussbaum (1880), also as a result of studies on the chick embryo, 
concluded that the definitive germ cells were not derived from the germinal 
epithelium, but were formed extra-embryonicalJy at a very early age, These 
conflicting views on the origin of the germ cells in the chick stimulated an 
immense amount of investigative work as a result of which several schools of 
thought have evolved, These were grouped into four categories by Heys ( 1 31) 
and were later modified by Everett ( 145) as follows: 
1. Those who deny the early segregation of the germ cells from 
' 
somatic cells and maintain that the definitive germ cells are 
formed by a later transformation of somatic cells from the 
germinal epithelium. 
Those who supported Waldeyer's theory maintained that 
there was no early segregation of germ cells from somatic 
cells as proposed by Nussbaum (1880) or the Keimolasma 
theory of Weismann (1892). These investigators denied 
the existence of primordial germ cells believing that 
the large cells which others had classified as PGCs, 
were merely somatic cells in the early stages of divi-
sion. They asserted that the definitive sex cells were 
formed later by a transformation of the somatic cells of 
the germinal epithelium. Supporters of this view were 
Hoffman (1886) and Semon (1891) working with amphibians 
and von Berenberg-Gossler ('14), Gatenby ( 124) and 
Essenberg and Svejda ('39) working with the chick. 
other supporters of this view were Bohi ( 104) and 
Philippi ('09) who reported similar observations in the 
teleost. 
2. Those who recognize an early differentiation of germ cells but 
assert that these cells degenerate and that the definitive 
germ cells arise at a later time from the germinal epitheliu.m. 
Proponents of this view include B. Allen ( 104) working 
on the pig and the rabbit. Bookhaut ('37) on the 
guinea pig and Firket ('20) and E. Allen ('23) in 
working on the mouse. Similar observations were made 
by Kingery ('17) working on the ovary of the mouse 
and Winiwarter and Sainmont ( 109) on the ovary of the 
cat, These investigators observed two and three pro-
liferations respectively from the germinal epithelium 
and concluded that the primordial germ cells, which 
resulted from the first proliferations which oc-
curred before birth, degenerated and that the defin-
itive sex cells arooofrom a final proliferation some 
7 
time between birth and the period of sexual maturity. 
These observations were not limited to mammals. 
Firket ( 114) working on the chick embryo maintained 
that the primordial germ cells degenerate and that 
the definitive sex cells arise from the germinal 
epithelium. 
3. Those who believe that both the primordial germ cells and the 
somatic cells give rise to the definitive sex cells. 
Some investigators concluded that the definitive 
sex cells arose from two sources--primordial germ 
cells and germinal epithelium. Brambell ( 127) 
working on the rat traced the development of PGCs 
into definitive sex cells; however, he also noted 
a proliferation of these cells from the germinal 
epithelium which continued through the fourth or 
fifth week postnatally. A dual origin of the 
definitive sex cells was also postulated for the 
frog Rana temporaria (Bouin, 1 00, 1 01), the toad 
Bufo viridis (Baccari, 124), the lake lamprey 
Petromyzon rnarinus (Butcher, 129) and birds 
(D 1Hollander, 104). 
4. Those who assert that the early segregated primordial germ 
cells are the sole progenitors of the definitive sex cells. 
The view that the PGCs are segregated from somatic 
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elements early in development and are the sole 
progenitors of the definitive sex cells has re-
ceived the greatest support and is held by most 
investigators at the present time. Swift ( 114, 
'15, 116), reported that the PGCs in the chick 
arose from the region anterior and antero-lateral 
to the embryo in an area he named the "germinal 
crescent" because of its shape and presumed 
function. He maintained that these cells then 
migrated into the developing gonads where they 
matured into the definitive sex cells. 
Subsequent supporters of the above view were 
Okkelberg ( 121) who studied the lamprey, Cheng 
( 132) the amphibians, Dantschakoff ( 132), Richards 
et al. ( 126), Goldsmith ( 128, '35) and Blocker 
( 133) birds, Everett ( 143) the mouse, Heys ( 131) 
the albino rat and Witschi ( 148), Pinkerton et 
al. ( 161) and Falin ( 168, 169) the human. This 
theory was further supported by the results of 
experiments on x-irradiation and extirpation of the 
germinal crescent area. Following irradiation of 
the germinal crescent, no PGCs were formed and no 
sex cells appeared in the gonads (Benoit, '30; 
Goldsmith, '35). Reagan ( 116) removed the area 
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of the germinal crescent of the early chick embryo 
and reported that, when these embryos were allowed 
to develop, no sex cells were found in the gonads. 
Mintz ( 157a), working with mice, confirmed and 
reinforced the idea of an extra-gonadal origin of 
the PGCs by demonstrating that these cells, and 
these cells alone, give rise to the definitive sex 
cells, This investigator demonstrated the early 
presence of alkaline phosphatase in these cells 
and reported that it was still present in those 
cells undergoing mitosis in the gonads as well as 
in the oocytes of the early prophase stage of 
meiosis, She observed no additional phosphatase 
positive cells proliferating from the germinal 
epithelium, From this she concluded that the 
germinal epithelium is not a source of germ cells. 
In another experiment, Mintz ( 160) cultured 
sterile ovaries from mutant mouse embryos, be-
tween 13 days of prenatal life and nine days 
postnatally, with normal ovaries from fetuses of 
13-19 days, in order to determine whether the 
presence of PGCs would induce the production of 
sex cells by the germinal epithelium. No sex 
cells were produced by the sterile gonads in this 
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experiment, thus supporting her conclusion that the 
germinal epithelium is not the source of the defin-
itive sex cells in the mouse. 
B. Divisions in Chick and other Avian Species 
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The classical studies of Swift ('14, '15, '16) have served as a guideline 
for all subsequent germ cell investigations. This investigator ( 114) studied 
the origin of the PGCs in the chick and observed that they arose in an area 
anterior and antero-lateral to the embryo proper at the junction of the area 
opaca and the area pellucida. From here he found that they migrated passively 
via the vascular system and actively through the tissues ~o the developing 
gonads. Due to their relatively constant size, their organelles (nucleus and 
attraction sphere) and their retention of yolk long after its disappearance 
from the somatic cells, Swift concluded that they did not divide during migra-
tion. These findings were later confirmed by the observations of Goldsmith 
( 128) who also concluded that the PGCs in the Leghorn and Rhode Island red 
fowl did not undergo mitosis durjng the period of migration. Both of these 
investigators, however, did observe an occasional dividing PGC in the blood 
vessels. 
Swift ( 115) reported occasional syncytial-like clusters of 8-15 PGCs with 
no intervening tissue and concluded that this condition could be indicative of 
past mitoses. He did, however, admit that this was evidence of an indirect 
nature in that no mitotic figures were actually ohserved. 
Rubaschkin ( 107) working with the chick and Blocker ('JJ) with the Engljsh 
sparrow maintained that following segregation of the PGCs division ceased 
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until they reached the gonadal anlagen. 
Matsumoto ( 132) studied mitotic activity in the PGCs of the chick, but he 
discontinued this part of his study owing to difficulties encountered in dis-
tinguishing these cells from dividing somatic cells. However, he theorized 
that a gradual division of these cells could continue from ten hours to four 
days of incubation. 
Domm and Clawson ( 165) reported mitotic figures in PGCs during the head 
process stage (20 hrs). Following this stage, they noted a decrease in the 
number of these cells which they attributed to the fact that daughter cells, 
resulting from recent mitotic divisions, were at first smaller in size and so 
could not be positively identified. This decrease in size made it difficult 
to distinguish PGCs from blood cells. 
More recently, Clawson and Doil!In ( 169) studied the development of PGCs in 
white and brown leghorn fowl from the primitive streak (18 hrs ) through the 
eight somite stage (33 hrs ). They reported only infrequent mitotic figures 
in those PGCs still attached to the endoderm as well as in those which had 
recently become detached from the endodermal layer. However, at 33 hours nu-
merous germ cells were seen dividing in extra-embryonic areas in approximat31y 
half of the embryos studied, 
Meyer ( 164) reported that the ear~y increase encountered in the number of 
PGCs occurs almost exclusively within the forming gonads beginning with their 
colonization at 50-55 hours and that the number of extra-gonadal PGCs remains 
relatively constant. 
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Mitotic figures were not observed by Clawson and Domm ( 16Jb) in PGCs 
actively migrating through the tissues; hence, they tentatively concluded that 
mitotic activity may be suspended during this phase of the migratory period. 
However, they reported that during the fourth day of incubation a few of the 
PGCs which had reached the germinal epithelium displayed mitotic figures. 
It is now well established that active proliferation of the germ cells 
occurs once they have reached the developing gonads. Swift ('15) reported that 
there was little evidence of division prior to eight days in the female gonad 
but that after eight days rapid multiplication ensued, reaching a peak during 
the ninth and tenth days, while in the male gonad (Swift, 116), the PGCs began 
active division on the 13th and reached a peak on the 15th day. These obser-
vations are in agreement with those reported by Goldsmith ('28) in the chick. 
Narbaitz and Adler ( 166) observed mitoses in the PGCs of the white Leghorr 
chick in all parts of the undifferentiated gonad at six days of incubation and 
at eight days these cells revealed an intense proliferation in the ovaries. 
Significant studies on mitotic activity in PGCs have also been reported 
for avian species other than the chick. Fargeix and Theilleux ( 166) concluded 
that the segregation of new PGCs in the duck continues up to the four somite 
stage (28 hrs ) and that the subsequent increase results from a division of 
existing PGCs. 
Reynaud ( 169) reported a total absence of dividing PGCs in turkey embryos 
at 24 hours incubation. At this time these cells are confined to the area of 
the germinal crescent. He found that the period of active multiplication 
began at eight days in females and 13 in males at which times these cells had 
become firmly established in the gonads. 
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Rogulska ( 168) reported that each half of a fertile non-incubated Pekin 
duck blastoderm is capable of developing into an embryo and of forming PGCs. 
She observed that the primary localization of these cells in transected blas-
toderms may be different from that of the normal which was determined from 
their arrangement in twin embryos. The number of PGCs in transected blasto-
derms was approximately twice as great as that of the normal from which she 
concluded that transaction may stimulate the formation of PGCs. The number of 
PGCs was observed to vary from individual to individual but did not increase 
significantly until after they had entered the developing gonads, From this 
the author concluded that the number of PGCs originally formed, rather than 
their subsequent multiplication, was responsible for the number seen in blas-
toderms. 
C, Divisions in Non-Avian Species 
Reports on the mitotic activity of primordial germ cells during the peri 
of migration have also appeared in many non-avian species, In sonBthis ac-
tivity has been reported to cease during migration, whereas in others it was 
found to continue throughout this period, 
Pasteels ('48) observed limited mitotic activity of the germ cells during 
the period of migration in Ascaris, However, this relatively inactive period 
was followed by a very active period once these cells had reached the gonadal 
anlagen, 
Okkelberg ( 121) and Hardisty and Cosh ( 166) working with the lamprey, a 
cyclostome, observed no dividing PGCs during the period of migration or after 
these cells had reached the developing gonads, According to these investi-
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gators it was only some months after they became incorporated in the gonads 
that division of these cells actually occurred. 
Investigations on various species of teleosts (Eigenmann, 1896; Wolf, '31; 
Dildine, '36) and holeosts (Allen, 1 09) have revealed no mitotic activity of 
PGCs during the period of migration. However, Dodds ( 110) reported that in the 
teleost Lophius a consistent increase in germ cell number occurred once these 
cells had reached the area of the dorsal mesentery. 
With respect to amphibians, Beccari ('24) working with the toad and 
Dustin ( 1 07) with the frog, observed no proliferation of PGCs up to the time of 
hatching. Burns ( 125) reported that no division of PGCs occurred during the 
period of migration in Amb1ystoma. Migration according to this investigator, 
is completely passive in this species, in that the movement of these cells is 
brought about by the morphogenetic movements of the tissues in the area of the 
gonads. 
An absence of mitotic activity in the germ cells during the period of 
migration has also been reported in some reptiles in which migration was found 
to be both passive, via the vascular network, and active, via the tissues, 
(Pasteels, 153; Hubert, 168) similar to the pattern observed in the chick. 
In mammals the PGCs arise from the yolk sac endoderm near the allantoic 
diverticulum. They then migrate actively either into the lining of the hind 
gut or ascend directly through the mesenchyme. At the level of the future 
gonads they migrate laterally through the dorsal ~esentery into the forming 
gonads (Witschi, 148; Mintz, 160; Blandau, 165). In addition, a passive, vas-
cular migration has also been reported in mammals by Ohno et al. ( 162), 
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Benirschke and Brownhill ('63) and Ohno and Gropp ( 165), In cytological 
studies on dizygotic twins sharing a common chorion, these investigators re-
ported cells containing both XX and XY sex chromosomes in the testes. The 
cells containing XX chromosomes were considered to be germ cells from the 
female which had reached the male via the vascular system. 
An increase in the number of PGCs during the period of migration has been 
reported in mammals. According to Witschi ( 148), on the basis of a study on 
the collection of human embryos at the Carnegie Institute, the PGCs increase 
in number during the migratory period which was regarded as proof that mitotic 
activity does occur during this period. However, he concluded that mitosis 
must occur only rarely, since he found such a small number of germ cells in 
these embryos. 
Chiquoine ('54) identified the PGCs in the mouse embryo by application of 
the Gomori ('46) histochemical technique for alkaline phosphatase activity. 
He first recognized these cells near the caudal end of the primitive streak, 
the root of the allantoic mesoderm, and in the underlying yolk sac splanch-
nopleure in eight day embryos. The total number of PGCs varied among embryos 
of the same age. A tremendous increase in the number of these cells was ob-
served between eight and 11 days. He concluded that this increase during the 
migratory period (9-11 days) was presumably due to the mitotic activity; he 
made no mention of observing any mitotic figures. 
Mintz ('60) reported that all definitive germ cells in the mouse arise 
from fewer than 100 PGCs located in the yolk sac endoderm. She observed mi-
totic activity during the period of migration; no synchronous division was se 
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That this activity may be genetically controlled in the mouse was shown by 
the observations of Mintz and Russell ('55, '57) and Mintz ('57a, '57b, '57c, 
r6o). These investigators found that there was no increase in the number of 
PGCs during migration when the embryo was homozygous for mutant genes at the 
W or Sl locus. Mice homozygous for the mutations wv, wj or Sl are sterile at 
birth. In these embryos the germ cells form normally but do not increase in 
number during the period of migration. In homozygous mutants there is a de-
crease in the number of germ cells after day 9 which suggests that this defect 
may lessen the viability of these cells by decreasing both mitotic and migra-
tory activity. 
Russell and Fekete ('58) reported that the PGCs of the normal mouse 
embryo increase 10-JO fold during the period of migration. They found that in 
embryos homozygous for the wv gene the number remained constant and such 
embryos were potentially sterile. 
OZdzenski ( 169) sought to determine the fate of PGCs which were prevented 
from reaching the developing gonads. He transplanted the hind gut region of a 
nine day mouse embryo, filled with migrating PGCs, into the anterior chamber 
of the eye of an adult mouse. He found that the PGCs in such transplants stop 
dividing shortly after transplantation, whereas in controls, allowed to de-
velop naturally, they increased greatly in number. 
Chretien ( 166) studied the PGCs of rabbit embryos between nine and 28 
days post-coitum. He found that the period of migration occurred between the 
9th and 18th day, during which time these cells migrated actively, through the 
dorsal mesentery, from the allantoic diverticulum to the developing gonads. 
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Most of the PGCs had reached the developing gonads by the 16th day and the mi-
gratory period was terminated by the 18th day. Two periods of intense mitotic 
activity were observed in these cells, the first between the 10th and the 12th 
~nd the second between the 16th and 18th day. He concluded that these two 
periods of mitotic activity were responsible for the increase in the number of 
PGCs. 
D. Distribution with Respect to Symmetry 
With few exceptions birds display a difference with respect to the size of 
right and left gonads. In the females of most species the right gonad becomes 
rudimentary at an early age and the right gonad of males is frequently somewhat 
smaller than the left. As a consequence, an asymmetry in the number of germ 
cells colonizing these gonads is also manifested. 
Y.iany investigators have observed this unequal distribution of the PGCs in 
the gonads and the adjacent areas of birds (Brode, 128' Witschi, '35; Stanley 
and Witschi, 140; Abdel-Yialek, '50; Venzke, '54; van Limborgh and van Faassen, 
'59; Simon, '60; Heyer, '61, '64; Fargeix, '64a, '64b; van Limborgh, '58a, '58b, 
160, 16la, 16lb, 166, 168a, •68b) as well as throughout the entire embryo 
(Meyer, 164; Clawson and Domm, '69). A difference of opinion exists with re-
spect to the period during development when this asymmetry in distribution 
first appears. 
Witschi ('35), Abdel-Malek ( 150), Venzke ('54) and Meyer ( 164) reported 
that the PGCs are evenly distributed in the gonad primordia of the chick embryo 
up to the third day of incubation. Dantschakoff ('31), on the other hand, re-
ported an asymmetrical distribution of these cells in the chick from the very 
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onset of gonadal colonization (50-55 hrs ) , while Clawson and Domrn ( 163b) 
found that it was first evident in the gonads at about Ji days. Van Limborgh 
('68a) reported that, between stages 22-26 (Ji-5 days), the total number of 
PGCs in the right ovary was somewhat smaller than that of either testis, while 
the largest number were found in the left ovary. From his tabulations on the 
number in right and left gonads, coupled with observations on the sex chromatin 
body in the cells of the amniotic epithelium, he concluded that the difference 
in distribution of these cells, between right and left gonads of the early 
chick embryo, was the first indication of "primary sex differentiation" and 
that this occurs at stage 22 (85 hrs ), well in advance of morphological sex 
differentiation. 
. 
In contrast to the foregoing studies, a limited number of publications 
have appeared dealing with the distribution of PGCs outside the gonadal area. 
Furthermore, these investigations are limited in scope. Meyer ( 161, 164), 
studying the migration of primordial germ cells in chick embryos between 
stages 11-18 (40-69 hrs ), did not find an asymmetrical pattern with respect 
to the distribution of these cells between the right and lsft sides of the 
embryo as a whole. Clawson and Domm ( 169) reported that in six embryos ex-
amined at stage 9 (28 hrs ) the mean number of PGCs in the left side was 83 
as compared to 51 in the right. From this they theorized that an asymmetry 
may be involved in the origin of these cells in chick embryos which supports 
the earlier conclusion of Fargeix ( 164a, 164b) in studies on the duck. 
That the asymmetry in germ cell distribution may be determined very early 
in development was suggested by Fargeix ( 164a, 164b). This investigator 
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observed an asymmetry not only in the gonads of normally developed duck embryos 
but also in gonads of embryos resulting from blastoderrns which had been divided 
along the midline prior to incubation, From this he concluded that the fac-
tor( s) responsible for the asymmetrical distribution of these cells is already 
present in the blastoderm of the non-incubated egg, 
E, Chemotactic and Hormonal Influences 
Many investigators have searched for a causative factor or agent in the 
germ cell colonization of the gonads. The question as to why the vast majorit 
of these cells become located in the gonads rather than in other organs or 
regions of the embryo has remained unanswered. Two schools of thought, al-
though not entirely different, have developed with respect to this problem, 
One group believes that these cells locate in the gonads because it is here 
that they find an environment corrlucive to their further growth and develop-
ment (Weiss and Andres, '52). Dupraw ( 168) stated this in another way. He 
believes that the germ cells colonize the gonads because of an inherent spe-
cific recognition of the genital ridge cells, described as an interaction of 
cell types not previously associated with one another, similar to a developing 
axon attaching itself to its effector organ. 
The other group adheres to the view that the developing gonads exert an 
attractive influence on the migrating germ cells, This theory has gained the 
widest support. It maintains that the gonads exert a chemotactic-like force 
which attracts the germ cells (Woods, 102; Firket, 114; Willier, '39; Witschi, 
'48; Johnston, 151). More recently, in vitro studies seem to have confirmed 
this conclusion. Dubois ( 164a, 164b, 16_5:i, 165b, 166) conducted in vitro 
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studies on chick embryos in which he made mur,erous associations with steri-
lized and non-sterilized germ cell containing tissues (undifferentiated and 
differentiated gonads, germinal crescents and germinal epithelial layers). 
From the results of these experiments, Dubois ( 168) concluded that the 
independent and directed movements of the germ cells, and their incorporation 
into the gonads of the closely associated host .in vitro, is evidence of a spe-
cific attractive influence of the germinal epithelium on the migrating PGCs, 
and that the responsible agent may be secretory in nature. Baillie et al. 
( 166), as a result of experiments on the occurrence of key enzymes in the 
genital ridges, essential in the biosynthetic pathway of the steroids, sug-
gested that this agent may be steroidal in nature. The detection of steroids 
at this early age (18 hrs -5 days), however, has not been demonstrated. These 
investigators have shown that the early embryonic gonads of the chick secrete 
hormones or hormone-like substances and that they contain an enzyme involved 
in steroid hormone synthesis which is believed to be indicative of steroid-
ogenesis. Wolff et al. ( 166) studied the secretory activity of erabryonic 
chick gonads by the application of biological, histochemical and biochemical 
methods. Their results revealed the presence of a steroid-like secretion at a.i 
early age. They found that at the time of sexual differentiation (61-7 days) 
the gonads contain lipids, cholesterol and enzymes known to be involved in the 
intermediar.:r metabolism of sex steroids. Enzyrnatic activity was detected in 
the ovary at 61 and in the testis at st days of incubation. When the ovaries 
from embryos of 7-10 days incubation were cultured in vitro an estrogenic 
hormone was found in the culture medium. ~·Then 14c-dehydroepiandrosterone 
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(14c-DHA), a radioactive precursor of the steroids, was added to the culture 
medium, it was metabolized into estrone and estradiol by ovaries and into 
testosterone by testes. 
other in vitro investigations have demonstrated the capacity of the early 
gonad to synthesize steroids. Weniger ( 168) found that when the undiffer-
entiated gortads of 6 day embryos were cultured in the presence of 14c-4-
progesterone for 24 hours they synthesized estrogens. other similar experi-
ments have revealed the capacity of 8 day gonads to synthesize both estrogens 
and androgens (Cedard and Haffen, 166; Weniger et al., 167; Haffen and Cedard, 
168). 
With respect to the initial appearance of the enzyme a5-3p-hydroxysteroid 
dehydrogenase in the gonads of either sex some variations are encountered. 
Boucek et al. ( 166) first observed this enzyme at 9 days incubation, Chieffi 
et al. ( '64) at 8 days, Wolff et al. ( 166) and Scheib and Haff en ( 167, 168) at 
6! days. More recently, Rabuck ( 166) found it evenly distributed throughout 
the entire embryo including the genital ridges, at 3 days and Woods and Weeks 
( 169) reported its presence in the cells of the genital ridges as early as the 
second day of incubation. A tentative conclusion from these results suggests 
that the gonads of the chick embr'JO have the potential to synthesize steroid 
hormones at a very early age prior to morphological sex differentiation. 
III. :tti.ATERIAI.S AND METHODS 
The eggs used in this study were of the single comb, white Leghorn vari-
ety.l They were incubated in a forced-draft incubator at a temperature of 
37.5°c and a relative humidity of 60%. The study consisted of two parts: 
1) a determination of the sites, times and frequency of mitotic activity in 
the PGCs during the period of migration and 2) an investigation into the ef-
fects of exogenously administered hormones on the migration of these cells 
and their ultimate colonization of the developing gonads. 
A. Experimental Procedures 
The first part of the study involved an investigation on the mitotic ac-
tivity of the primordial germ cells (PGCs) during the period of migration. 
The anti-mitotic drug colchicine, known to arrest dividing cells in the meta-
phase stage, was used to facilitate the recognition of cells undergoing divi-
sion (Eigsti and Dustin, 155). After conducting several pilot studies on the 
neural tube and liver, two actively dividing tissues in the chick embryo, it 
was suggested that 0.015 mg of colchicine was the optimal amount to use. This 
finding confirmed that of Eigsti and Dustin ('55) who reported that all mito-
ses in the chick embryo were arrested following an injection of 0.015 mg dis-
solved in saline; these investigators did not mention any effects on the germ 
cells. 
The ages of the embryos used in this study were 18 hours (stages 3-5), 
28 hours (stages 6-8), 2 days (stages 9-14), 3 days (stage 17), 4 days 
1 Purchased from the I~n Sharp Commercial Hatchery, Glen Ellyn, Ill. 
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(stage 22) and 5 days incubation (stages 25-27). The embryos were also cate-
gorized into stages according to the. method of Hamburger and Hamilton ('51). 
This was done in order to correlate the migration of the primordial germ cells 
with the degree of development of the embryo, the latter factor serving as the 
basis for the staging of chick embryos by Hamburger and Hamilton. The eggs 
were candled three hours before necropsy to determine fertility and the posi-
tion of the embryo. A small window was then cut through the shell directly 
above the embryo with a small electric drill containing an emory disc follow-
ing the technique of Harkmark and Graham ('51). A volume of 1.5 cc of a solu-
tion containing 1 mg colchicine dissolved in 100 cc of a o.9% saline solution 
(O.OJ.5 mg), warmed in an incubator to the temperature of the embryo, was then 
pipetted onto the surface immediately adjacent to the embrJo. Other embryos 
were treated with an equal volume of o.9% saline to serve as controls. The 
opening in the shell was then carefully sealed with a glass coverslip and 
melted paraffin and the embryo returned to the incubator for a period of three 
hours. The eggs were then removed from the incubator and the embryos recov-
ered and staged according to the method of Hamburger and Hamilton ('51). Fol-
lowing removal of the extra-embryonic membranes, the embryos were fixed in 
cold Gendre's fluid for 48 hours at a temperature of -14°c. Following fixa-
tion, they were dehydrated, embedded in paraffin and serially sectioned at 
5-7 micra. The sections were stained by the periodic acid-Schiff (PAS) tech-
nique (Lillie, '51), using hematoxylin as a nuclear counterstain to facilitate 
identification of the PGCs (Meyer, '61, '64). 
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B. Histological Observations 
The histological study involved a careful examination of each section of 
the embryo and the surrounding area opaca and area pellucida in 18 and 28 hour 
embryos, the embryo and its surrounding area vasculosa in 2 and 3 day embryos 
and only the embryo proper in 4 and 5 day embryos. Each section was examined 
with a light microscope at a magnification of 450X. When a germ cell was 
found, its precise location was recorded, including the side of the embryo on 
which it was located and its activity, whether resting or dividing, Owing to 
the apparently long generation time of the PGCs, and the absence of any con-
sistent demonstration of increased mitotic activity in germ cells of embryos 
previously given colchicine, the data obtained from both colchicine and saline 
embryos at the different time periods examined were combined, 
The coefficient of multiplication was determined by taking the mean num-
ber of PGCs seen at one period and dividing this by the mean number seen in 
the previous period, The result is a value showing the actual increase in 
PGCs over the previous period (Chretien, 166). 
The coefficient of mitotic activity was calculated by using the mathe-
matical method employed in computing the coefficient of multiplication, except 
that the total number of mitotic figures is substituted for the total number 
of PGCs, 
C. Hormones Used 
In the second part of the study the effects of different steroid hor-
mones on migration and colonization of the gonads were investigated. The eggs 
were incubated for 33 hours after which they were removed from the incubator 
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and the procedure for exposing the embryo followed as described above. It is 
at approximately 33 hours incubation that the developing extra- and intra-
embryonic circulations become continuous (Romanoff, •60), thereby opening the 
intra-embryonic pathway for the migratory PGCs. The preparations to be tested 
were administered either as crystals, in aqueous suspensions or dissolved in 
sesame oil or cottonseed oil at this time. The hormones introduced in crys-
talline form were androst-4-ene-1'¥'-propionate-3-one (testosterone propionate) 
and estra-1,J,5 (10)-triene-3,17/5-diol (estradiol-1~). Androst-4-ene-17,P-
cypionate-J-one (testosterone cypionate) in cottonseed oil2 and estra-l,J,5-
triene-:¥'-ol-17-one (estrone) in an aqueous suspension3 were administered in 
solution, 
A synthetic steroid,·}'(, 2><-methylene-6-chloro-pregna-4,6-diene-l(b<'...-ol-
3,20-dione-l?<.-acetate (cyproterone acetate)4 known as a potent anti-androgen 
(Neumann and Elger, 165, 166; Neumann et al., 166), and found to inhibit the 
activity of exogenous testosterone and other androgens in birds (Wollman and 
Hamilton, 167, 168) was also employed. Maraud et al. ( 167) conducted a study 
on 3 day chick embryos in which they determined the minimum lethal dose (LD5o) 
of cyproterone acetate to be 0.5 mg. This, and a concentration of 0.25 mg 
(iLD50 ) were used in this study. Cyproterone acetate was administered in the 
crystalline form anddissolved in sesame oil. 
The procedure followed in the application of hormones in crystalline form 
consisted of placing a crystal of known weight on different areas of the blas-
2 Supplied to Professor L. v. Do mm through the courtesy of The UpJohn Company, 
3 
Kalamazoo, Mich, 
Supplied to Professor L. v. Do mm through the courtesy of Abbott Laborato-
4 
ries, North Chicago, Ill. 
Supplied through the courtesy of Berlin Laboratories, New York, N.Y. 
27 
todisc. These sites included the area of the germinal crescent, different 
quadrants of the area opaca and area pellucida and immediately above the form-
ing vitelline vessels adjacent to the developing embryo. 
Preparations in solution were evenly administered onto the entire blasto-
disc with the aid of a tuberculin syringe. The concentration of the solutions 
and the weight of the crystals are given in table 9. Normally developed em-
bryos, those receiving crystalline cholest-5-ene-3,B-ol (cholesterol) and those 
receiving the vehicles in which the different hormones were dissolved, served 
as controls. 
Following administration of the test preparation, the opening in the 
shell was sealed and the embryo returned to the incubator until the end of the 
fifth day (stages 24-27) at which time it was necropsied and processed follow-
ing the procedure given above for the mitotic study. 
The histological observations in this part of the study differed from 
those of the mitotic study in that only the PGCs located in the gonads and the 
immediately adjacent area were tabulated with respect to location and activity. 
The adjacent area included the dorsal mesentery and the area surrounding the 
dorsal aorta from a level extending from the cephalic border of the adrenal 
glands to the caudal tip of the mesonephric tubules. The tabulations were 
confined to this area since it was felt that any significant change in the 
localization of the PGCs and their subsequent colonization of the gonads would 
be reflected in this area. Each section through ~his area was carefully ex-
amined in an effort to detect changes in the activity or distribution of these 
cells. 
The arithmetic mean number of PGCs for each of the groups in this study 
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is given in figure 5. This mean was used in making statistical comparisons 
between experimental and control groups. In addition, due to the wide range 
in the number of PGCs in embryos of the different groups, the number of PGCs 
found in the gonadal area of each embryo was plotted in the form of a scatter-
gram on semi-logarithmic paper together with the geometric mean for each group 
in order to enhance the descriptive comparisons between individual groups 
(fig. 6). The student!:. test was employed to determine statistical signifi-
cance. 
IV. EXPERIMENTAL RESULTS 
A. Mitotic Activity and Distribution During Migration 
1. 18 Hours (Stages 3-5) 
At 15 hours incubation the embryos of this group were given either a sa-
line solution or colchicine dissolved in saline and were necropsied three hours 
later. This period corresponds to stages 4 and 5 of Hamburger and Hamilton 
('51). The blastodisc, including the area opaca qnd the area pellucida, meas-
ured approximately 4 mm in diameter at this time. One of these embryos had 
only reached stage 3 at this time, but was included in the study in order to 
increase the range of our study. Eight embryos were studied in this group wit 
developmental ages ranging from stage 3 to stage 5 (tables 1, 2). The number 
of PGCs in these embryos ranged from 35-193 with a mean of 10'+.5, while the 
number of mitotically active germ cells ranged from 1-31 with a mean of 9.7 
(figs. 1, 2, 3). 
Stage 3 
This is the intermediate streak stage in which the primitive streak ex-
tends from about the middle of the area pellucida to the posterior region of 
the blastodisc. There was no primitive groove at this stage. 
During this period PGCs differentiate from the endodermal cells and can 
be distinguished from the somatic cells mainly by their size and their defini-
tive nuclear and cellular membranes. 
Of the seven dividing PGCs seen in the stage 3 embryo, six were detached 
and one was still attached to the endoderm. The majority were located in the 
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area pellucida while the rest were seen near the ,junction of the area opaca 
and the area pellucida. These two areas can be distinguished from one another 
by the difference in size of the PAS-positive particles, the larger ones being 
confined to the area opaca (Clawson and Domm, '69). 
Stage 4 
This is the definitive streak stage in which the embryos show a prominent 
primitive groove and primitive knot. The PGCs of four embryos were studied at 
this stage. Their number ranged from 49 to 149 and they were found either 
attached to the endoderm or detached and lying between it and the ectoderm 
(tables 1, 3). The diameter of the resting PGCs ranged from 9-27 micra with 
the majority measuring between 13 and 18 micra. 
The PGCs in the embryos of this stage were found anterior, lateral and 
posterior to the primitive streak with only a few located posterior to it 
(fig. 15). The majority were located anterior to the primitive knot in each 
of the embryos. The exact identification of the midline could not be deter-
mined with certainty in one of the embryos (W43) so only the total number of 
PGCs are given in this case with no consideration as to laterality (table 2) • 
• No consistent asymmetrical distribution with respect to right or left 
sides was noted at this time (table 2). An asymmetrical pattern was mani-
fested, which in two cases (W39 and W42) was predisposed to the right and in 
the other (Bll) to the left side. 
The number of dividing cells in these embryos ranged from one to seven 
(tables 1, 2). In the two embryos given saline, 1.68% and 0.67%, and in the 
two given colchicine, 6.09% and 14.28%, of the total number of germ cells were 
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observed to be in some phase of mitotic activity (table 1). The dividing PGCs 
attained a diameter of 14-21 micra and were found anterior and lateral to the 
primitive knot and lateral and posterior to the primitive streak, but not in 
all these areas in each embryo (table 3). The criteria utilized in identifying 
these cells were their large size, sharply defined cell membrane, and the ac-
cumulation of PAS-positive material in the cytoplasm. The somatic endodermal 
cells did not possess well defined cellular borders but rather had the appear-
ance of a syncytium. 
In only one embryo (Bll) was a significantly larger number of dividing 
PGCs seen on one side, which was the left, and this side also contained the 
majority of these cells in the embryo as a whole (table 2). 
Stage 5 
In this stage the notochord first becomes visible and can be found ex-
tending anteriorly from Henson's node. Three embryos, all previously given 
colchicine, were examined at this stage. The number of PGCs found in these 
ranged from 35-193 and dividing cells were found in each of them (tables 1, 2). 
These cells were seen anterior and lateral to the primitive knot and lateral 
and posterior to the primitive streak (table 3). They were located either 
entirely within the area pellucida or near the junction of the area pellucida 
and the area opaca, 
With respect to distribution of the germ cells, two of the three embryos 
in this group revealed an asymmetry with a preference for the left side while 
in the other 147 were found in the right and only 23 in the left side (table 
2). 
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At this stage dividing PGCs were seen anterior and lateral to the primi-
tive knot and lateral and posterior to the primitive streak (figs. 7, 8, 16; 
table 3). That these cells do exhibit typical, colchicine arrested, metaphase 
configurations is shown in figures 8 and 16. In one embryo 0vJ8) a significant 
number (11.91%) of these cells were undergoing division and dividing cells 
were found in each of the above-mentioned extra-embryonic areas (table J). 
Dividing PGCs were seen not only among those lying free between the ectoderm 
and the endoderm, but also among those still attached to the endoderm. Figure 
17 shows two closely associated PGCs near the junction of the area opaca and 
the area pellucida which apparently have just divided. This stage appears to 
have been a relatively proliferative one, since the percentage of germ cells in 
the process of division in the three embryos examined was 11.91, 5.71 and 
18.23, respectively (table 1). 
The distribution of mitotic PGCs with respect to laterality was partic-
ularly noticeable in one embryo (W38) in which 15 of the 23 cells undergoing 
division were located in the right side, the side with the smallest number of 
germ cells (table 2). 
The dividing PGCs measured 14.5 to 17 micra in diameter. The distribution 
of PAS-positive material in these cells varied. In some the granules were 
located at one pole of the cell (fig. 7), while in others they were evenly 
scattered throughout the cytoplasm. The size of the granules also varied. 
Some displayed large (3.5 micra), some small (1 micra) and others both large 
-
and small granules. 
2. 28 Hours (Stages 6-8) 
This period was chosen since it is at about this time that the heart be-
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gins to pulsate. Although the intra- and extra-embryonic circulations have not 
yet joined, there is some propulsion of blood within the former. The embryos 
examined within this group were in stages 6, 7 and 8, all of which had pre-
viously l:::een given either saline or colchicine at 25 hours incubation and were 
necropsied three hours later. The entire blastodisc (diam. approx. 7 mm) of 
each embryo was examined for PGCs. Seven embryos were studied at this period 
and the data on germ cells tabulated. The results revealed an increase in the 
mean number of PGCs over that observed in the 18 hour group (figs. 1, 2). The 
number of PGCs found in these embryos ranged from 46-292 with a mean of 202.7, 
while the number undergoing division ranged from zero to 25 with a mean of 12. 
(fig. 3: tables 1, 2). The coefficient of multiplication of these embryos was 
1.92 and the coefficient of mitotic activity 1.24, thus indicating that the 
mean number of PGCs at 28 hours was l,92 times greater and the mean number of 
dividing PGCs 1.24 times greater than that observed at 18 hours (fig. 4). 
Stage 6 
This is the head fold stage in which the anterior end of the embryo is 
defined by a fold of the blastoderm anterior to the notochord. The only 
(Bl3) examined at this stage had been given saline. Two hundred and sixty-nin 
PGCs were counted, the majority of which were located anterior to the primitive 
knot; the rest were found lateral to the primitive knot and lateral to the 
primitive streak. No PGCs were seen posterior to the primitive streak (table 
4). The distribution of these cells with respect to laterality, was for all 
practical purposes, symmetrical; 132 were found in the left side and 137 in th 
right (table 2). 
• 
34 
Six germ cells, or 2.23~ of the total, were undergoing division throughout 
the extra-embryonic areas (tables 1, 4). Three of these were still attached to 
the endoderrn while the rest had already become detached. Five of the dividing 
cells were located on the left side and one on the right (table 2). 
The dividing PGCs measured approximately 16 micra in diameter. In some of 
these the PAS-positive material was localized at one pole of the cell, while 
the other pole appeared to be clear and devoid of this material. The PGCs, 
both resting and dividing, were distinguished from the somatic cells by the 
presence of well defined cellular membranes. The resting cells had sharply 
defined nuclear membranes and in some instances two nucleoli. 
Stage 7 
This is the one somite stage and at this time the neural folds are visible 
in the head region. The blood islands are in the process of formation and the 
definitive extra-embryonic blood vessels have not yet appeared. Examination of 
two emb:ryos, one previously given colchicine and the other saline, revealed 292 
and 75 PGCs respectively (table 1). 
At this stage the PGCs were still anterior to the emb:ryo and lateral to 
both the primitive knot and the primitive streak. Most of them were seen in 
the area lateral to the developing emb:ryo proper (table 4). An asymmetry with 
respect to distribution was seen in these embryos, however, it did not con-
sistently display a preference for either right or left sides. In one embryo 
(W52) the majority of these cells were located in the right side, while in the 
other (Bl2) almost twice as many were located in the left as in the right side 
(table 2). 
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No PGCs were seen undergoing division in the embryo (W52) given saline. 
In the embryo (Bl2) previously given colchicine 14 dividing germ cells were 
found and these were located both anterior and lateral to the embryo proper 
(tables 1, 2, 4). The mitotic activity was found to occur in the attached as 
well as in the detached PGCs lying free between the ectoderm and the endoderm. 
In some of the dividing cells the PAS-positive material was localized at one 
pole of the cell while the other areas were relatively clear. In some in-
stances, the PAS-positive granules measured up to 4 micra in diameter while 
the size of these cells ranged from 15-18 micra. 
Stage 8 
The embryo has four somites at this stage and the neural folds meet at 
the level of the midbrain. Three of the four embryos examined at this stage 
were previously given colchicine, while the other received saline. The total 
number of PGCs seen at this stage ranged from 46 to 286 (table 1). Germ cells 
were found within the embryo proper in three of the four embryos, one (W56) of 
which contained 13 of these cells (table 4). The intra-embryonic sites in-
cluded the head mesenchyme, the splanchnic mesoderm at a level posterior to 
the anterior intestinal portal, the roesenchyrne surrounding the neural tube, 
the somatopleure near the level of the anterior intestinal portal, the area 
adjacent to the notochord near the posterior limit of the embryo and the re-
gion along the border of the embryonic coelom within the somatic mesoderm in 
the posterior region of the embryo. 
With respect to the extra-embryonic PGCs, very few were seen in the re-
gion anterior to the embryo. They were seen mainly in the area vasculosa 
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extending from the level of the anterior intestinal portal to the posterior 
tip of the embryo. A few were also located lateral to the primitive knot and 
the primitive streak, but none were found posterior to the primitive streak 
(table 4). In one of the embryos (B29) several of these cells were found in 
the region of the proamnion at the level of the head (fig. 9). This region, 
considered to be extra-embryonic at this stage, was devoid of mesoderm but it 
did contain ectoderm and endoderm. Both attached and detached germ cells were 
seen in this area. 
The extra-embryonic circulation was well developed in one of these em-
bryos (W.56) and many PGCs had already become incorporated into it. These were 
mainly concentrated at the junction of the area opaca and the area pellucida. 
Some were lying free between the ectoderm and the endoderm while others were 
still attached to the endodermal layer. 
The vast majority of the PGCs were in the left side in all four of the 
embryos studied at this stage (table 2). 
Dividing PGCs were seen in all of the embryos studied at this stage. 
With one exception (Bl4), all of these were extra-embryonic and were found in 
areas anterior, lateral and posterior to the embryo proper. In this embryo a 
germ cell located in the embryonic splanchnopleure, just posterior to the 
anterior intestinal portal, was undergoing mitosis. The percentage of cells 
in mitosis in the embryos of this stage ranged from 2.44 to 34.?8, the lower 
figure occurring in the control embryo (W56), In one embryo (BJl), in which 
34.?8% of the PGCs were found to be dividing, only 46 cells were actually 
found, a low number for this stage, and of these 16 were in some stage of 
mitosis (tables 1, 2). 
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Both attached and detached germ cells were found to be dividing at this 
stage. Extra-embryonic sites of dividing cells included areas anterior, lat-
eral and posterior to the embryo near the junction of the area pellucida and 
the area opaca and in the region of the proamnion (figs. 9, 18, 19). The last 
two figures show two metaphasic chromosome configurations typical of the col-
chicine arrest, namely, the star-shaped and the ball-shaped arrangement. The 
star-shaped arrangement of the germ cell in figure 18 is shown in greater 
detail in figure 10. 
In three of the four embryos studied the number of dividing cells in 
right and left sides was approximately equal, while in the other embryo more 
than twice as many were dividing in the left as in the right side (table 2). 
As in the preceding stages, some of the dividing germ cells contained a con-
siderable amount of granular PAS-positive material, while in others this mate-
rial appeared to be globular. The dividing PGCs measured between 13 and 16 
micra in diameter. 
3. 48 Hours (Stages 9-14) 
The embryos of this group were given either a colchicine or a saline 
solution at 45 hours incubation and all were necropsied three hours later. 
The embryos ranged from stage 9 to stage 14 (7 to 22 somites). During this 
period an actual propulsion of the blood first occurs with a consequent mixing 
of the extra- and intra-embryonic blood. Eight embryos were studied at this 
period. The areas examined included the embryo proper and the surrounding 
area vasculosa which measured approximately 11 mm in diameter. A slight de-
crease in the mean total nu.~ber of PGCs was encountered in this group when 
" 
38 
compared with the 28 hour incubation group (fig. 1), A slight increase in the 
number of intra-embryonic PGCs over ·that of the previous period (28 hrs.) was 
seen (fig, 2; table 5), The total number of PGCs at this period ranged from 
11-310, with a mean of 114,4, while the number of dividing PGCs ranged from 
3-18 with a mean of 7.4 (fig, 3; tables 1, 2). The coefficient of multipli-
cation for the 48 hour embryos was 0,56 and the coefficient of mitotic activ-
ity 0,61, thus indicating a decrease in both the mean number of PGCs and the 
mean number of dividing PGCs by a little less than one-half over the respec-
tive means observed at 28 hours (fig. 4). 
Stage 9 
This is the stage at which the primary optic vesicles appear. The total 
number of PGCs in the two embryos given colchicine at this stage was 109 and 
5(; respectively (table 1). The great majority of these were located extra-
embryonically: 107 in the former and 52 in the latter, They were found in the 
area vasculosa, anterior and lateral to the embryo, with the majority located 
in the area vasculosa at a level extending from the anterior tip of the embryo 
posteriorly to the anterior intestinal portal (table 5). For the first time 
large numbers of these cells were located within the extra-embryonic blood 
vessels. Only rarely were germ cells found within the embryo. The sites 
where the intra-embryonic PGCs were seen were near the coelomic angle just 
anterior to the anterior intestinal portal, within the right dorsal aorta and 
in the splanchnic mesoderm, 
In the two embryos studied at thisstage an asymmetry in distribution was 
observed exhibiting a preference for the right side in both cases (table 2). 
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Eighteen germ cells (16.51%), averaging 16 micra in diameter, were found 
to be dividing in one of the embryos (Bl?), and three (5.35%) in the other 
(B20) (table 1). The extra-embryonic sites of the dividing cells were in the 
area vasculosa anterior and lateral to the embryo proper. One dividing intra-
embryonic PGC was found within the dorsal aorta. The majority of these cells 
were located in the right side in both embryos (table 2). 
Stage 11 
Embryos at this stage are characterized by a slight cranial flexure and 
a constriction of the optic vesicles at their bases. The total number of 
PGCs in the two embryos previously given colchicine at this stage was 160 and 
107, respectively (table 1). Again, with few exceptions, these cells were 
located extra-embryonically, with the largest number occurring between the 
level of the anterior tip of the embryo proper, posteriorly to the level of 
the anterior intestinal portal (table 5). Almost all of the PGCs in the area 
vasculosa were found within the extra-embryonic circulation. 
A marked asymmetry in the distribution of the PGCs was observed at this 
stage; however, it was not consistent, since it was predisposed to the left 
side in one embryo and the right in the other (table 2). 
Three germ cells, 2 in one embryo (B23) and 1 in the other (B24), had 
invaded the embryo proper at this stage. Two were found in the head mesen-
chyme and the other was attached to the intermediate mesoderm at a level pos-
terior to the anterior intestinal portal. 
Dividing germ cells, measuring 13-18 micra in diameter, were seen in bot 
embryos (tables 1, 2, 5). These cells were confined to extra-embryonic areas 
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located anterior, lateral and posterior to the embryo proper (fig. 11; table 
5). In one embryo (B24) four, or 3.73%, and in the other (B2J) ten, or 6.25% 
of the total number, were found to be dividing (table 1). 
Stage 12 (16 somites) 
The head in this stage has begun to turn onto the left side and the heart 
appears to be slight]yS-shaped, Ninety-two PGCs were counted in the single 
colchicine administered embryo studied at this stage and 18, or approximately 
19%, were intra-embryonic. The latter were found within the dorsal aorta and 
in the splanchnopleure anterior to the anterior intestinal portal, The extra-
embryonic PGCs were found anterior and lateral to the embryo with only three 
located post~rior to it, The majority of these were in an area posterior to . 
the level of the anterior intestinal portal (table 5), 
Concerning the extra-embryonic germ cells, it was found that the right 
side contained about three times as many as the left whereas ten of the 18 
intra-embryonic cells were in the left side (table 5), 
A relatively high percentage (11,95) of the PGCs were dividing at this 
stage and of interest is the fact that they were limited to the extra-embryoni 
blood vessels, Mitotic cells were seen in the area vasculosa anterior and 
lateral to the embryo but not posterior to it (figs. 12, 20), Figure 12 is a 
low power view showing a PGC in metaphase located outside and in close contact 
to the endothelial lining of an extra-embryonic blood vessel. Figure 21 is a 
higher magnification of this cell which is re-oriented in position, This 
shows that the pole of the cell in intimate contact with the blood vessel is 
the one containing the high concentration of PAS-positive material, Eight of 
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the 11 germ cells in this embryo in which mitosis was occurring were located 
posterior to the level of the anterior intestinal portal (table 5). 
Stage 13 (19 somites) 
At this stage of development the head is partly turned onto the left 
side. One embryo given colchicine was examined at this stage and only 11 
PGCs were found; however, of these, four (36.36~) were undergoing division 
(table 1). None of the germ cells in this embryo were located within the 
embryo proper. They were seen either within the extra-embryonic circulation 
or in close approximation to it (table 5), The dividing PGCs revealed a 
heavy concentration of PAS-positive material near one pole of the cell. 
The tissues of this embryo serve as a good example of the effects of 
colchicine in arresting cells in metaphase, A cross section through the neu-
ral tube is shovm in figure 22 showing the highly proliferative neural tube 
cells in colchicine arrested metaphase. 
Stage 14 (22 somites) 
This stage is characterized by the axes of the fore- and hind-brains 
forming a right angle. Two embryos, one given saline (vl61) and the other 
colchicine (':163), were studied at this stage; the former had a total of 70 
PGCs and the latter 310 (table 1). The majority of these cells were distrib-
uted throughout t.~e entire extra-embryonic circulation, anterior, lateral and 
posterior to the embryo proper (table 5). In each embryo approximately 5% 
of these cells were intra-embryonic. They were seen in the anterior cardinal 
vein, the dorsal aorta and floating free in the coelom. In one embryo (W63), 
13 of the 17 intra-embryonic PGCs were found in the head mesenchyme, 
In the same embryo (r:!63) the PGCs were asymmetrically distributed in the 
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extra-embryonic areas displaying a preference for the right side in the ratio 
of 239:.54; however, with respect to the distribution of the 17 intra-embryonic 
PGCs, 13 were found in the left and only four in the right side. In the other 
embryo (W61) 40 PGCs were counted in the left side and 30 in the right and of 
those in the left side only three were intra-embryonic (table 5). 
Five dividing PGCs were found in embryo W61 and four in W63 (tables 1, 
2). These were confined to the extra-embryonic circulation anterior, lateral 
and posterior to the embryo (fig. 23; table 5). No asymmetry with respect to 
the sides in which dividing cells occurred was noted (table 2). 
4. 72 Hours (Stage 17) 
Stage 17 (29-32 somites) 
At this stage both wing and leg buds are of equal size and lifted off the 
blastoderm. Three embryos, all given colchicine were examined at this period 
and all had reached Stage 17. Both the embryo and its surrounding area vas-
culosa were examined for the presence and activity of PGCs. The diameter of 
the area vasculosa averaged 26 mm. 
The number of PGCs found in each of these embryos was 518, 1762 and 612 
respectively resulting in a 964.3 mean. This represents a sharp increase over 
the number seen in the embryos of the previous stage (figs. 1, 2, 3: table 1). 
The coefficient of multiplication was 8.43, in other words, the mean number of 
PGCs in these embryos was 8.43 ti.mes greater than that observed in the pre-
vious 48 hour group (fig. 4), while the mean number of extra-embryonic PGCs 
was only slightly higher (fig. 2: table 6). The majority of these cells were 
intra-embryonic; however, between 10.04% and 18.30% were still located outside 
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of the embryo in the extra-embryonic circulation of the area vasculosa. The 
latter were scattered throughout the extra-embryonic blood vessels, anterior, 
lateral and posterior to the embryo, with the majority in an area between the 
level of the anterior intestinal portal and the posterior tip of the embryo 
(table 6). 
With respect to intra-embryonic PGCs it was found that they were scat-
tered throughout the entire embryo. They were distributed throughout the 
vascular system in such vessels as the internal carotid artery, the anterior, 
posterior and common cardinal veins, the splanchnopleuric vessels, the vitel-
line artery and vein, the atrium, ventricle and the dorsal aorta. They were 
also seen in the capillar-3 network of the head, lateral body wall and near the 
neural tube. 
A significant nu.~ber of PGCs in the embryos of this stage were found in 
the head. The germ cells in this area represented 8.80%, 14.38% and 14.20% 
respectively of the total number of intra-embryonic PGCs counted (table 6). 
They were seen either within'the vascular system or within the head mesenchyme 
itself with the majority in close approximation to the brain vesicles. The 
largest number of the intra-embryonic PGCs in these embryos, however, was 
found in the region of the developing genital ridges. The number located in 
this area represented 85.2%, 72.9% and 78.6% of the total respectively. Here, 
they were seen within the germinal epithelium and in the mesenchyme along the 
roof, angle and floor of the coelo~ and in close proximity to the paired dor-
sal aortae. 
Of the three embryos examined at this stage, two (B28 and B36) had ap-
proximately equal numbers of germ cells in the extra- and intra-embryonic 
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areas in the two sides of the body (table 6). However, in the third embryo 
(B27) a much larger number was found in the right side. Some of the PGCs in 
these embryos were located in the midline of the dorsal mesentery so that 
their position with respect to laterality could not be determined. 
Mitotic activity of the PGCs was encountered in all three of these em-
bryos in both the area vasculosa and within the embryo itself. The number of 
dividing cells had more than doubled (coefficient of mitotic activity--2.58) 
when compared with the mean number observed in the previous group at 48 hours 
(figs. J, 4). Although rare in extra-embryonic areas, dividing cells were 
seen in the blood vessels anterior, lateral and posterior to the embryo, but 
not in all of these areas in any one embryo (fig. 24; table 6). One of these 
cells was undergoing division in the extra-embryonic portion of the vitelline 
artery. 
Concerning the intra-embryonic PGCs, divisions were encountered in those 
circulating in the vascular system (fig. 13) as well as in those which had 
left the vascular channels and had entered the surrounding mesenchyme. Divi-
sions were not confined to any specific area of the embryo, however, the site 
where most of the mitotic activity occurred was in the area of the genital 
ridges. In this area, mitotically active cells were seen in the dorsal aorta, 
the genital ridge anlagen, on the roof of the coelom and at the angle of the 
coelom. The dividing cells found in the tissues were located in both the 
epithelitun and the stroma of these sites. 
other sites of mitotic activity included the maxillary and mandibular 
arches and the head mesenchyme near the diencephalon and the optic cup (fig. 
14). No consistent asymmetry in the distribution of dividing germ cells was 
detected at this time (table 2). 
5. 96 Hours (Stage 22) 
Stage 22 
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At this stage of development the somites extend to the tip of the tail, 
the eye pigmentation is distinct and the allantois can be seen extending to 
the head. Only the embryo proper (averaging 8 rnrn in crown-rtimp length) and 
not the area vasculosa, as in the preceding stages, was included in the study 
at this stage. The coefficient of multiplication for this group was 0.99 
while the coefficient of mitotic activity was 1.05, thus indicating a slight 
decrease in the mean number of PGCs when compared with the mean number found 
in the 72 hour group. However, when considering only those PGCs located 
intra-embryonically, a slight increase was seen at 96 hours (fig. 2). 
At this time the PGCs were still distributed throughout the entire em-
bryo (table 7). The total number in the two embryos given colchicine was 914 
and 1118, and 824 in the single embryo given saline, representing a mean of 
952.0 (table 1). A significant number of these cells was found to be invadin 
the developing gonads: however, over 50% of these were still in the dorsal 
mesentery adjacent to the developing gonads. An average of 10.44~ of the 
total number seen in the embryo were found in the head, specifically in the 
maxillary and mandibular processes and in the head mesenchyme between the 
diencephalon and the optic cup. A significant number of these cells was also 
seen in the mesenchymal areas surrounding the notochord and the neural tube 
(notochord.-neural tube complex) and within the limb buds (table 7). Primor-
dial germ cells were still seen, although rarely, in the circulatory network 
,... . 
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of the head and that near the notochord and limb buds of these embryos. 
A consistent asymmetrical distribution of PGCs predisposed to the left 
side was well established at this stage (table 2). This asymmetry was pro-
nounced and most consistently seen in the developing gonads although it was not 
limited solely to these structures, The dorsal mesentery in this area also 
displayed a noticeable asym.~etrical distribution with a preponderance of PGCs 
in the left side (table 7). On the other hand, in locations some distance from 
the gonadal area, such as the head, notochord-neural tube complex and limb 
buds, this left sided asymmetry was either lacking or was much less evident 
(table 7). 
When compared to the previous stages, a rather low percentage of dividing 
PGCs was encountered in the three embryos of this stage (3,76, 1.75 and 1,16). 
Nevertheless, when only the dividing cells in the developing gonads were con-
sidered, the percentages were 7.4, 4,1 and 0.58 respectively. The mean number 
of dividing cells at this period nearly equaled that seen at 72 hours (figs. 
3, 4). 
Dividing PGCs were also encountered in tissues other than those of the 
developing gonads. It occurred in some of those found in the dorsal mesentery 
near the developing gonads (figs. 25, 26) as well as in some of those located 
in the head. The number of dividing cells in the head of these embryos was 4, 
2 and 2 respectively and the sites were the branchial arch and the mesenchymal 
areas near the brain vesicles. 
In none of these embryos were any dividing PGCs found in the mesenchyme 
of the limb buds or in that surrounding the notochord and neural tube (table 
7). 
47 
In two of these embryos (W33 and ~28), the majority of the dividing PGCs 
were located in the left side and in the other (WJ.5) in the right side (table 
2). 
6. 120 Hours (Stages 25-27) 
The embryos of this group were given either colchicine or saline at 117 
hours incubation and in each case were necropsied three hours later. The 
embryos had reached stages 25, 26 and 27 and averaged 13 mm in crown-rump 
length. The number of PGCs at this period, ranging from 2o63 to 2211 with a 
mean of 2155.3, revealed a conspicuous increase over the number seen at four 
days (stage 22) (figs, 1, 2, 3; table 1), The coefficient of multiplication 
was 2,26 (fig, 4), At this time the majority of these cells had either 
reached the developing gonads or were in close proximity in the adjacent dor-
sal mesentery. Some PGCs were still seen in other areas of the embryo some 
distance from the normal migratory pathway. A four-fold increase in the num-
ber of cells in mitosis over that seen on day 4 was recorded at this time 
(fig. 3). The coefficient of mitotic activity was 4.3 (fig. 4). The germ 
cells in the developing gonads were dividing quite actively; mitotic figures 
were also seen in those located in the adjacent dorsal mesentery and less 
frequently in other areas of the embryo (table 8), 
Stage 25 
At this stage the elbow and knee joints become distinct. One embryo 
given colchicine was found to contain 2063 germ cells, the majority of which 
were located in the developing gonads and in the adjacent dorsal mesentery 
(table 8). These cells also aggregated in smaller numbers in areas near the 
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notochord-neural tube complex, the limb buds and in the head mesenchyme, the 
latter area containing 8.48% of the.total. Unusual sites included mesenchymal 
areas near the stomach, lung buds and intestine. 
In this embryo the number of PGCs encountered in the left side (1596) far 
outnumbered those seen in the right (467) (table 2). This asym...metrical dis-
tribution was most pronounced in the gonads and the adjacent dorsal mesentery. 
In other areas the distribution predisposed to the left side was either not 
so pronounced or non-existent (table 8). 
With respect to mitotic activity, 65 PGCs or 3.15% of the total were 
found to be dividing and these were concentrated in the gonads and the adja-
cent dorsal mesentery with a somewhat greater number in the dorsal mesentery 
(figs. 27, 28; table 8). Of the 886 cells in the dorsal mesentery, 33 were 
dividing while 28 of the 855 seen in the developing gonads were dividing 
(table 8). An occasional dividing PGC was also encountered in tissues other 
than those of the gonadal area and the normal migratory pathway. These areas 
included the head region (figs. 29, 30) and the mesenchyme near the notochord 
and neural tube (fig. 33). More specifically, the sites of mitotic activity 
in the head were in the mesenchyme between the diencephalon and the optic cup 
and immediately lateral to the telencephalon. The distribution of the mitotic 
cells displayed a preference for the left side in this embryo (table 2). 
Stage 26 
The embryos of this stage are characterized by a distinct demarcation of 
the first three toes and the appearance of a groove between the second and 
third digits. Only one embryo, given colchicine, was examined at this stage 
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and it was found to contain 2211 PGCs, the vast majority of which (1841) were 
located in the developing gonads and only 59 in the dorsal mesentery (table 
8). It appeared that the migratory period was about terminated in this em-
bryo. 
Other areas in which germ cells had accumulated included the head mesen-
chyme, the area surrounding the notochord-neural tube complex and the limb 
buds. One hundred germ cells or 4.52% of the total were found in the head 
mesenchyme between the optic cup and the diencephalon and adjacent to the 
myelencephalon and telencephalon. Other areas in which these cells were 
found included the lateral and ventral body walls, areas lateral to the bi-
furcation of the trachea, the pancreas and the intestine. 
This embryo revealed a strong left sided asymmetry (1714:497) with re-
spect to the distribution of these cells (table 2). This pronounced asym-
metry was due primarily to the distribution in the gonadal area. In other 
areas of the embryo it was either absent or much less evident (table 8). 
Fifty-one, or 2.30% of the total number of PGCs, were undergoing divisio 
in this embryo and of this number 41 or 80.4% were confined to the gonads. 
Other sites of mitotically active cells included the mesenchymal areas of the 
head, ventral body wall and the area surrounding the notochord and neural 
tube (table 8). Most of the dividing cells were in the left side (table 2). 
Stage 27 
An indication of grooves between the first, second and third digits and 
an angulation of the digital plate, in the region of the first digit, charac-
terizes the embryos of this stage. One embryo given saline was examined at 
50 
this stage and found to contain 2192 PGCs of which number 1241 were found in 
the developing gonads and 422 in the. adjacent dorsal mesentery (table 8). As 
in the two embryos of the two previous stages, the head mesenchyme, the area 
surrounding the notochord-neural tube complex and the limb buds were the sites 
where these cells had accumulated (table 8). One hundred and forty, or 6.39% 
of the total, were found within the head mesenchyme near the brain vesicles. 
These cells were also found in mesenchymal areas near the pharynx, esophagus, 
trachea, intestine, sinus venosus, lateral body wall and adjacent to the coe-
lom. 
Again, as in the two previous stages (25, 26) this embryo also displayed 
a marked asymmetry in the distribution of PGCs with a majority of these cells 
in the left side (table 2). The distribution of these cells in the developing 
gonads and the adjacent dorsal mesentery was responsible for the unequal dis-
tribution predisposed to the left side. other areas such as the head mesen-
chyme, the mesenchymal areas surrounding the notochord and neural tube and the 
limb buds also displayed an asymmetry, yet, here it displayed a preference for 
the right side but to a much lesser degree than the left sided asymmetry ob-
served in the gonadal area (table 8). 
This embryo contained 143 dividing PGCs or 6.52% of the total. The de-
veloping gonads contained 113 of these and 12 were found in the dorsal mesen-
tery •. Thus, most of the dividing cells were concentrated in this area as in 
the two previous stages (table 8). An occasional dividing cell was also en-
countered in the mesenchymal areas of the head, limb buds, body wall, pancreas 
and intestine. This embryo differed from those of stages 25 and 26 in that a 
somewhat larger number of dividing cells were found in the right side (77) 
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than in the left (66) (table 2). 
B. Steroid Administration and Gonadal Colonization 
In this pa.rt of the investigation it was of interest to determine whether 
or not the administration of exogenous steroid hormones had any influence on 
the mitotic activity, migration, or ultimate localization of the PGCs which 
would be reflected in the colonization of the developing gonads. It was as-
sumed that if the hormonal preparations applied to the blastodisc exert a 
chemotactic-like effect, this could interfere with the normal distribution 
exerted by the embryonic gonads, and would be manifested by interference with 
normal gonadal colonization which in the chick is very evident by five days 
of incubation. 
Several groups of embryos were employed in this pa.rt of the investiga-
tion. The embryos were treated at JJ hours incubation with hormone prepara-
tions in either a crystalline form or in solution (table 9). The controls 
consisted of four groups of embr-Jos: those allowed to develop normally, those 
given cottonseed oil and sesame oil (hormonal vehicles) and, those given cry-
stalline cholesterol. Cholesterol; a steroid precursor with the steroid con-
figuration, but without known hormone-like effects, served as a control for 
the steroids employed. 
Unlike the tabulations in the first pa.rt of this study, only those PGCs 
in the gonadal area (developing gonads ani adjacent dorsal mesentery) are 
considered (table 10). However; observations on the entire five day embryo 
will be made to determine the occurrence of a:ny unusual fluctuations in num-
bers or accwnulations outside the gonadal area. In addition, another value 
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was recorded, namely, the total number of PGCs in the gonads and their distri-
bution with respect to laterality (table 11). 
1. Normally Developed Controls 
The embryos of this group were not manipulated in any way and were ana-
lyzed after five days incubation at which time they had reached stages 25-26. 
The number of PGCs in the area of the gonads of these embryos ranged from a low 
of 610 to a high of 3271, the arithmetic mean being 2073.2 and the geometric 
mean 1762.0 (figs. 5, 6r table 10). The geometric mean was included here since 
the logarithms of the number of cells in each embryo were more normally dis-
tributed than the values of the observations themselves. The geometric mean 
was determined by taking the antilog of the arithmetic mean of· the logarithms 
for the observed"values. 
In one stage 25 (C4) and in two stage 26 embryos (C2 ar-d C5) the number 
of PGCs in the developing gonads and those in the adjacent dorsal mesentery, 
was nearly equal while in the other stage 26 embryo (C3) the gonads revealed 
approximately 1200 more PGCs than did the area of the dorsal mesentery (table 
10). 
The gonads in all cases were normal for this period of development and the 
PGCs displayed an intense PAS-positive reaction both in the gonads and in the 
dorsal mesentery (fig. 31). Distribution with respect to laterality, was pre-
disposed to the left side in each of these embryos (table 10). The percentage 
of PGCs in the right gonad of two of these embryos was 17.39 and 20.68 while in 
the other two embryos it was 31.39% and 42.82~ respectively (table 11). 
The percentage of dividing PGCs in the gonadal area ranged from o.66% to 
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2.14%. These figures represent dividing PGCs in the gonads as well as in the 
adjacent dorsal mesentery. The majority of the dividing cells were located in 
the dorsal mesentery in two of the embryos (C2 and C4) and in the gonads in the 
other two (CJ and C5) (table 12). 
2. Testosterone Cypionate in Cottonseed Oil 
In this group testosterone dissolved in cottonseed oil was applied to the 
blastodisc at 33 hours incubation. Six embryos (stages 24-25) were examined 
following treatment with 1.0 mg of testosterone cypionate dissolved in cotton-
seed oil. The number of PGCs in the gonadal area ranged from a low of .58 to a 
high of 1261 with an arithmetic mean of 694.5 and a geometric mean of 4?9.9 
(figs. 5, 6; table 10). The value of the arithmetic mean was significantly 
lower than that of the non-manipulated control group, 694.5 to 20?3.2 (fig. 5; 
table 10). 
The number of germ cells in the developing gonads alone (tables 10, 11) 
showed no significance when compared with the normaily developed control group 
(355 to 1217.?) when employing the student!:. test. Thus, the colonization of 
the gonads was not significantly altered in this series of experiments by the 
administration of testosterone. 
The lowest number of cells (58 and 287) occurred in two stage 24 embryos 
(Pl and P9). It appeared that the gonads of these embryos were some~hat re-
tarded in development when compared with similarly treated embryos at this 
stage (figs. 34, 35). Many cells were found in the dorsal mesentery at the 
level of the developing gonads which appeared to be degenerating PGCs. These 
were characterized by nuclei containing clumped chromatin, characteristic of 
degeneration, and by cytoplasmic accumulations of smooth spherical PAS-positive 
material instead of the granular type usually encountered (fig. 36). The go-
nads of the other four embryos of this group revealed a more normal develop-
ment. 
In all of the embryos of this group the left gonad was larger and better 
developed than the right and was also more heavily populated with PGCs (table 
11). When only those PGCs located in the gonads were considered it was found 
that the percentage in the right gonad ranged from 0.99 to 17.68 (table 11). 
In this group the percentage of the total number of PGCs involved in mi-
totic activity ranged from 1.04 to 10.34. The highest percentage of dividing 
cells (10.34) was seen in embryo Pl in which a total of only 58 PGCs were 
found in the entire gonadal area. Of this total, six PGCs were undergoing di-
vision which accounts for the unusually high percentage of dividing cells. 
other than this apparently exceptional case, the mitotic activity in this area 
did not differ appreciably from that of the normally developed control group 
(table 12). 
3. Testosterone Propionate Pellets 
In this group testosterone pellets weighing between 0.5 and 1.35 mg, were 
placed on several areas of the blastodisc of embryos at 33 hours incubation. 
One of these sites was immediately adjacent to the embryo in the area of the 
forming vitelline vessels. This area was chosen since these vessels are prob-
ably the main channels of entry of the PGCs into the embryo and thus would seen 
to permit an increased exposure of these cells to an exogenous hormone placed 
in this area. A second site was the area of the germinal crescent anterior to 
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the embryo near the junction of the area opaca and the area pellucida. The 
pellets were placed on either the right or left side in these areas. Care was 
taken so that they were not placed directly on the developing embryo, since 
pilot studies had shown that this may be fatal to the embryo, At the time of 
necropsy at 5 days (87 hrs after implantation) the pellets could still be 
visualized, They were recovered at this time, dried and weighed, in order to 
determine the amount that had been absorbed and thus available to the embryo. 
It was found that an average of 0,27 mg per pellet was absorbed during the im-
plant period, 
Five embryos (stages 25, 26) were examined in this group and the number 
of PGCs found in the gonadal area ranged from 886 to 1688 with an arithmetic 
mean of 1154.8 and a geometric mean of 1114.0 (figs. 4, 6; table 10). In two 
of the embryos (F5 and FlO) in which the pellets had been placed on the left 
side, above the area of the forming vitelline vessels, the number of germ cells 
in the gonadal area totaled 1360 and 925 respectively. In the other three em-
bryos (F?, F8 and F9) in which pellets had been placed in the area of the ger-
minal crescent, 1688, 886 and 915 PGCs, respectively, were found in the area 
of the developing gonads (table 10). There was no significant difference in 
the mean number of PGCs in the gonadal area between this group and those seen 
in this area in the normally developed, non-manipulated control group, 119~.8 
to 2073.2 (fig. 5; table 10). The gonads in all of these embryos appeared to 
be normal for this stage of development. The germ cells possessed intensely 
staining, PAS-positive cytoplasmic granules si.~ilar to those seen in the con-
trols. 
In all cases, regardless of the side on which the pellet was placed, a 
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definite asymmetry in the distribution of germ cells with a preference for the 
left side was seen in the gonads and the adjacent dorsal mesentery (table 10). 
In four of the embryos the right gonad contained less than 20% of the total 
number of gonadal PGCs while in the fifth embryo it contained 24.88% of the 
total (table 11). In evaluating the mean number of germ cells which had col-
onized the gonads in the experimental group (515.0) and in the normally devel-
oped control group (1217.7) no statistical significance was found when em-
ploying the student 1 test. Furthermore, no significant difference was de-
tected in these last two groups between the mean number of PGCs colonizing the 
left gonad and that of those colonizing the right. 
The percentage of cells undergoing mitosis in the gonadal area ranged 
from 0.68 to l.7J. This activity was observed in germ cells located within 
the gonads as well as in those still in the adjacent dorsal mesentery and was 
essentially comparable to that of the normally developed control group (table 
12). 
4. Cottonseed Oil Controls 
A control group composed of four embryos receiving only cottonseed oil, 
the vehicle for testosterone, was also studied. The number of PGCs in this 
group ranged from 1400 to 19li-8 with an arithmetic mean of 1676.0 and a geomet-
ric mean of 1660.0 (figs. 5, 6; table 10). No significant difference in the 
mean number of these cells was seen between this group and the normally devel-
oped control group (1676.0 to 2073.2) (fig. 5), showing that cottonseed oil 
had little or no effect on PGC distribution. 
In this group the left side, including the developing gonads and dorsal 
~-
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mesentery, was found to be the major site of aggregation. The percentage of 
these cells in the right gonad was above 30 in three of the embryos and below 
20 in the fourth (table 11). A statistical analysis showed that there was no 
statistical significance between the mean nu~ber of PGCs colonizing the gonads 
alone in this cottonseed oil control group (1145.2) and the naturally devel-
oped, non-manipulated control group (1217.7) o~ between the mean number col-
onizing the right and left gonads of these two groups. 
The percentage of the total number of PGCs undergoing mitosis in these 
embryos ranged from 1.64 to 2.65 (table 12).· The dividing cells were not con-
fined to the gonads but were also found in the adjacent dors~l mesentery. 
When compared with the normally developed, non-manipulated control group or 
the group treated with testosterone dissolved in this vehicle, no appreciable 
difference could be detected in the percentage of dividing PGCs (table 12). 
5. Estrone in Aqueous Suspension 
Estrone, in approximate concentra;tions ranging from 0.50 to 1.0 mg, was 
applied to the blastodisc of embryos at 33 hours incubation. The number of 
PGCs in the gonadal area of these embryos (stages 24, 25) ranged from 794 to 
1876, with an arithmetic mean of 1260.7 and a geometric mean of 1199.0 (figs. 
5, 6; table 10). The arithmetic mean did not differ significantly from that 
observed in the normally developed, non-manipulated controls, 1260.7 to 2073.2 
(fig. 5). 
The developing gonads appeared to be normal in all four embryos o~ this 
group and the PGCs displayed the same intense PAS-positive reaction as seen in 
the controls (figs. 32, 37). Each of the embryos revealed a left sided asym-
metry in PGCdistribution (table 10). The percentage of PGCs in the right gonad 
was below 20% in three of the embryos and 25.10~ in the other (table 11). When 
considering only the mean number of PGCs located in the gonads of this group 
and that of the normally developed controls (683.5-1217.7), no significant dif-
ference was detected using the student ! test. Similarly, no statistical sig-
nificance was detected between these two groups when the right and left gonads 
were considered separately (table 11). 
The percentage of the total number of germ cells undergoing division in 
this group ranged from 1.44 to 3.40. This represents a mitotic activity some-
what higher than that observed in the normally developed controls (o.66%-
2.14%) (table 12). 
6. Estradiol-17J1Crystals 
In a second estrogen treated group, aggregates of crystals of estradiol-
1?6', ranging in weight from 0.25 to 0.4 mg, were placed on the blastodisc of 
33 hour embryos at sites anterior, lateral (right) and posterior to the embryo 
proper. The gonadal area of four embryos was evaluated with respect to PGC 
distribution; three at stage 26 and one at stage 27. The number of PGCs seen 
in this area ranged from 1251 to 1995, with an arithmetic mean of 1563.5 and a 
geometric mean of 1541.0 (figs. 5, 6; table 10), revealing no significant dif-
ference in concentration between this group and the normally developed control 
group (1563.5 to 2073.2). 
In two of the embryos (Fl, FJ) crystals of estradiol-l?;Ghad been placed 
adjacent to the posterior half of the embryo. The gonadal area of these em-
bryos contained 1527 and 1251 PGCs respectively, In the other two embryos (F2 
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and F4) the crystals had been placed in the area of the germinal crescent and 
in these the gonadal areas contained 1~~81 and 1995 respectively (table 10). 
In all of these cases, regardless of site, a noticeable asymmetry in the 
distribution of germ cells predisposed to the left side was observed (table 
10). The percentage of PGCs located in the right gonad was below 24% in three 
of the embryos and 29.03% in the fourth (table 11). No significant difference 
was seen in the mean number of gonadal PGCs between this group and that of the 
normally developed non-manipulated controls (1088.7-1217.7) or between the mean 
number in the right or the left gonads respectively of thes~ groups (table 11). 
The percentage of mitotic activity of PGCs in the gonadal area compared 
favorably with that of PGCs undergoing mitosis in the normally developed con-
trols, the range in the former being 1.38 to 2.16 and in the latter o.66 to 
2.14. The dividing germ cells were seen within the developing gonads and in 
the dorsal mesentery (table 12). 
7. Cyproterone Acetate Crystals 
This preparation was administered at 33 hours in both the crystalline form 
and dissolved in sesame oil. In the first group of embryos crystals of cypro-
terone acetate, weighing O.J to o.6 mg, were placed on different areas of the 
blastodisc including the germinal crescent and on either side immediately ad-
jacent to the embryo. Death occurred before the end of five days in over 50% 
of the cases in both this group and that treated with cyproterone dissolved in 
sesame oil. Six surviving embryos were available for study. 
The gonadal areas of three embryos (stage 25) receiving crystalline cypro-
terone were studied. The number of PGCs found in the gonadal area (gonads and 
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adjacent dorsal mesentery) ranged from 199 to 1073, with an arithmetic mean 
of 626.0 and a geometric mean of 501 •. 9 as compared to 2073.2 and 1762.0 re-
spectively for the normally developed control group (figs. 5, 6; table 10). 
In one embryo (Al) a total of 199 germ cells were found in the gonadal area 
which was a low number for this stage of development. Although the difference 
between this group and the control group is high, significance can not be de-
termined due to the small number of embryos and the range in the number of 
PGCs found in these two groups. 
8. Cyproterone Acetate in Sesame Oil 
Cyproterone acetate dissolved in sesame oil in concentrations varying 
from 0.25 to 0.5 mg was applied to the blastodisc of a second group. This 
group consisted of three embryos whose gonads and adjacent dorsal mesentery 
contained 700, 1436 and 1154 PGCs respectively with an arithmetic mean of 
1096.6 and a geometric mean of 1051.0 (figs. 5, 6; table 10). No significant 
dif f ercnce was noted between this group and that of the normally developed 
cor.trols (1096.6 to 2073.2) (fig. 5). 
The embryos in each of the groups receiving cyproterone revealed an asym-
metry in the distribution of PGCs predisposed to the left side (table 10). 
With respect to the percentage of these cells located in the right gonad, this 
number was very high (45.1J%) in one of the embryos while in the other four it 
contained fewer than 20% of the total number of gonadal PGCs. The sixth em-
bryo of this group had 25.17% of the total number in the right gonad (table 
11). When considering simply the mean nuillber of gonadal germ cells, that is, 
those found within the developing gonads, no significant difference was seen 
,,., 
--------------------------------------------------------, 
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using the student 1 test between the cyproterone administered groups and the 
normally developed control group (224.0 and 465.0-1217.7) (table 11). 
The percentage of the total number of dividing germ cells in the gonadal 
area was 1.16, 1.49 and 4.02 for those receiving crystalline cyproterone and 
2.43, 3.69 and 1.46 for those receiving cyproterone dissolved in sesame oil 
while that of the controls ranged from o.66 to 2.14 (table 12). 
9. Sesame Oil Controls 
In a control experiment, sesame oil, the vehicle in which the cyproterone 
had been dissolved, was administered onto the entire blastodisc of 33 hour em-
bryos. Four embryos (stages 25-26) were studied in this series. No signifi-
cant difference was observed between the arithmetic mean number of PGCs in the 
gonadal area of this group and that of the group receiving cyproterone dis-
solved in sesame oil (1379.7 to 1096.6) or the normally developed control 
group (1379.7 to 2073.2) (fig. 5). The geometric mean for this group was 
1271.0 (fig. 6). 
In all of the cases in which the embryos were given sesame oil alone an 
asymmetry in PGC distribution with a preference for the left side had occurred 
(table 10). With respect to the percentage of PGCs in the right gonad, in 
comparison to those in the left, two were above 30% and two below 20% (table 
11). No significant difference was seen between this group and the normally 
developed, non-manipulated control group when comparing the mean number of 
PGCs which had reached the gonadal anlagen (900.7-1217.7) (table 11). 
In evaluating the observations on mitotic activity, we found that the 
percentage of the total number of PGCs in the gonad.al area in mitosis ranged 
~-
' 
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from zero to 1.88 while that in the normally developed controls ranged from 
o.66 to 2.14 (table 12). In one embryo (CSl) none of the 1082 PGCs in this 
area were u.~dergoing division. On the whole, the percentage of dividing germ 
cells in this group did not differ appreciably from those of the normally 
developed control embryos (table 12). 
10. Cholesterol Crystals 
In this series aggregates of cholesterol crystals weighing 0,1-0.2 mg 
were placed on different areas of the blastodisc at 33 hours incubation. 
These areas included the germinal crescent and both right and left sides lat-
eral to the embryo near the developing vitelline vessels. The developing go-
nads and associated structures appeared to be normal in all embryos of this 
group at the time of recovery. 
The PGCs in the gonadal area of four embryos (stages 25-26) were tabu-
lated and their number ranged from 1075 to 2980, with an arithmetic mean of 
1818.2 (fig. 5; table 10). No significant difference was seen in the arith-
metic mean of PGCs in this group and the no!'mally developed controls (1818,2 
to 2073.2) when using the student !:. test. The geometric mean was 1683.0 (fig. 
6). In fact the means of this group approximated that of the normally devel-
oped control group more closely than that of any other group in this study 
(figs. 5, 6). This absence of a significant difference was also seen when com-
paring the means of the gonadal PGCs in the t~o groups (1016.5 vs. 1217.7). 
The embryos of this group showed an asymmetry in the distribution of PGCs 
with a majority appearing in the left side (table 10), When comparing the 
percentage of these cells in the right gonad to those in the left, it was 
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found that two were above 30% of the total number and two below 20% (table 11). 
The mitotic activity of the PGCs in the gonads and the adjacent dorsal 
mesentery closely paralleled that seen in the normally developed controls. 
The percentage of the total number of cells in division in this area ranged 
from 1.24 to 2.05 in the former group and o.66 to 2.14 in the latter (table 
12). 
In all of the groups in the experimental series the PGCs appeared to be 
normal and displayed typical PAS-positive staining granules. Their path of 
migration did not differ perceptibly from that of the normal. They were found 
within the mesenchyme of the dorsal mesentery and in the epithelial layer lin-
ing the coelom as they approached the developing gonads. 
The mitotic activity of the PGCs varied little, if any, between the vari-
ous groups in this series. In neither the groups receiving androgens nor 
those receiving estrogens was there any clear indication of either stimulation 
or repression of mitotic activity. In embryos receiving cyproterone acetate 
there appeared to be a slight increase in mitotic activity in some instances, 
but not of any significance. The findings in the experimental groups were 
very similar to those observed in the normally developed, non-manipulated 
control group and those control groups receiving cottonseed oil, sesame oil 
and cholesterol. 
v I DISCUSSIO:J 
The definitive gonads of the chick consist of elements which originate 
from three sources: follicle cells, interstitial cells and definitive sex 
cells. The first two are derived from intra-embryonic structures while the 
definitive sex cells arise from primordial gerr:i cells (PGCs) which have an 
extra-embryonic origin, The latter originate in the area known as the germinal 
crescent located at the junction of the area opaca and the area pellucida an-
terior and antero-lateral to the embryo proper (Swift, 114; Clawson and Domm, 
169), From this extra-embryonic site they migrate both passively via the 
extra- and intra-embryonic circulations and actively through the dorsal mesen-
tery finally terminating in the developing gonads. The period of germ cell 
migration in the chick embryo extends from approximately 18 hours to between 
five and six days of incubation, 
These studies confirm previous reports that the PGCs of the chick embryo 
increase in number during the period of migration. As few as 43 in embryos of 
18 hours incubation and as many as 2211 were found at five days, Since the 
administration of colchicine is known to arrest dividing cells at metaphase, 
it was employed to determine the occurrence, frequency and sites of mitotic 
activity in these cells, This drug has been employed in studies on the pro-
liferative activity of many types of tissues in the chick embryo (Paff, '39; 
Higbee, 142; Gabriel, 146; Ancel, '55: Overton, '58: Diwan, 166: Dondua et al,, 
166; Isenhour, 166). Eigsti and Dustin ('55) rep~rted that an amount of 0.015 
mg dissolved in saline was sufficient to arrest all dividing cells in the chick 
embryo, No reports on the utilization of colchicine or of any other sub-
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stance, as an aid in studying the mitotic activity of germ cells have been 
found. 
In our experiments, embryos given colchicine did not always show a higher 
total number of dividing PGCs than saline treated embryos of the same age. 
One would expect a higher incidence of mitotic figures in the former, since 
in the former all cells undergoing mitosis in a three hour interval are arrest-
ed at metaphase while in the latter only those in division at the moment of 
sacrifice are seen. In several cases, embryos treated with saline alone re-
vealed a higher incidence of dividing PGCs than did embryos of the same incu-
bation age given colchicine. Even colchicine treated embryos of the same age 
revealed rather wide differences in the percentage of dividing PGCs. That 
colchicine is highly effective in arresting dividing cells in metaphase was 
seen in other tissues of the chick embryo in a pilot study on two highly pro-
liferative tissues, namely, the liver and the neural tube. 
The fact that the mitotic activity of PGCs was not always higher in col-
chicine administered embryos could be attributed to one of two factors. First, 
the generation time of PGCs may be of such a duration that a three hour ex-
posure will not necessarily arrest a larger number of cells, since very few 
would be actually undergoing division and second, these cells, since they are 
rather unique, may be partially immune to the influence of this drug. 
Blackler ( 158), in discussing the cessation of mitosis during the migration of 
these cells in amphibians, suggested that this resulted from a movement of the 
"germinal cytoplasm" to a juxta-nuclear position which protected the cell from 
influen!essuch as those responsible for cyto-differentiation, e.g., mitosis. 
The suggestion of Blackler does not appear to apply in the chick since it 
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was found that dividing PGCs in embryos given colchicine displayed typical 
colchicine, metaphasic arrest, chromosomal configurations. The chromosomes 
appear to take on a star-shaped or ball-shaped appearance (Eigsti and Dustin, 
155) as opposed to the usual meta.phase plate located along the equator of the 
normally dividing cell. 
It would appear then that the generation time of these cells is longer 
than that of ordinary somatic cells. This coupled with the fact that they are 
not numerous to begin with, explains why, even with an exposure to colchicine 
for a period of three hours, comparatively few were observed in the process of 
division and may explain why so few dividing PGCs have been reported by pre-
vious investigators (Witschi, 148; Clawson and Dornm, '63b and others). Al-
though exerting a noticeable effect on the germ cell, colchicine did not elicit 
the striking effect seen in the cells of other more active tissues of the 
chick embryo. To be sure, in some instances more PGCs were dividing in em-
bryos in which this drug was administered than in those given saline alone. 
The increase in the number of PGCs is not perfectly linear. No signifi-
cant difference in the mean nu.~ber was observed at 18, 28 and 48 hours or at 
72 and 96 hours. In fact a slight decrease in the total number was noted be-
tween 28 and 48 hours and again at 72 and 96 hours. The latter decrease is 
more apparent than real, since at 72 hours both the embryonic and extra-embry-
onic areas were included, while at 96 hours only those cells within the embryo 
proper were included in the counts. ONing to its size, the extra-embryonic 
area was not included after 72 hours. Thus, the total area examined at 96 
hours was smaller than that at 72 hours which may explain the lower mean num-
ber of cells. However, when only intra-embryonic PGCs were considered, an 
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actual increase in the mean number of PGCs was observed at 96 hours verifying 
the observation that larger numbers of PGCs are now found within the embryo 
than in the previous stages, 
Meyer ( 164) conducted a study on PGC migration in the chick embryo at 
stages ranging from 11-18 (40-69 hrs), He found that the number of intra-
embryonic cells increased up to stage 17, where he recorded a mean of 894 as 
compared to a mean of 825 in our study, At stage 18 (65-69 hrs) he reported 
a decrease in the mean number of PGCs (650) which he attributed to a reduction 
in staining capacity due to the loss of glycogen. Clawson and Domm ('6Ja) 
reported that these cells did not lose their glycogen until stage 25, hence, 
the decrease reported by Meyer (•64) could be due to other factors. Of the 
three embryos examined by Meyer at stage 18, one contained 909 PGCs which is 
higher than the mean reported at stage 17. Thus, the decrease observed by him 
could simply be the result of normal variations in the number of these cells. 
In our study an average of 139 PGCs, or 14.2% of the total were found in 
the extra-embryonic circulation at stage 17. Since these cells were probably 
circulating in the blood stream at the time of necropsy it is very likely that 
they would have four1d their way into the embryo within a short period of time. 
Therefore, the fact that a significant nu.mber of them were found in the extra-
embryonic circulation and that they may have been recirculating between the 
intra- and extra-embryonic circulations, could be responsible for the varia-
tions in number. Since Meyer (t64) did not examine extra-embryonic areas, it 
is possible that the decrease he observed was due to the fact that a large num-
ber of these cells were still extra-embryonic. 
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It is of interest to note that the number of extra-embryonic PGCs did not 
increase significantly between 18 to·72 hours, However, mitotic activity was 
not absent in this area at this time, At 18 hours, (stages 3-5) dividing PGCs 
were seen in all extra-embryonic areas, such as near the junction of the area 
opaca and the area pellucida, anterior and lateral to the primitive knot and 
lateral and posterior to the primitive streak, They were not seen in all of 
these areas in all embryos, Mitotic activity occurred in those still attached 
and embedded within the endoderrn as well as in those which had become detached, 
Hence, it is evident that mitotic activity does occur in these cells prior to 
their incorporation into the extra-embryonic blood vessels in preparation for 
the vascular or passive phase of migration, 
At 28 hours (stages 6-8) a slight increase in both the total number of 
PGCs and in those in the process of mitosis was seen, Rare intra-embryonic 
germ cells were seen in stage 8 embryos which supports the view of Clawson and 
Domm ( 169) that PGCs may actively migrate into the embryo or enter passively 
via the circulation, since at this time the extra-embryonic blood vessels are 
still in the process of formation and no coPimunication actually exists be-
tween extra- and intra-embryonic circulations prior to 33 hours (Romanoff, 160~ 
Furthermore, at this period (stages 6-8) division was seen, in both the 
attached and detached PGCs, in areas anterior and lateral to the embryo and 
lateral to the primitive streak. Clawson and Domm (•69) reported that once 
these cells become detached from the endoderm, they undergo a transformation 
involving a loss of the PAS-positive, non-glycogen material and its replace-
ment with glycogen, They gave no reason for this change but assu.med that it 
might be associated with an increase in the mitotic activity of these cells. 
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The present study seemingly departs from this assumption, especially since both 
attached and detached PGCs revealed a parallel incidence of mitotic activity. 
It does seem reasonable to suggest, however, that this transformation is a 
phase in the maturation of these cells as suggested by these investigators. 
Embryos incubated for 48 hours ranged from stages 9-14. It was hoped that 
more information could be gained from this range of stages. These embryos dis-
played a well defined intra- and extra-embryonic circulation. It was during 
this period that the PGCs made their first significant intra-embryonic appear-
ance. This confirms the observations of Meyer ( 1 64) who reported that these 
cells first appear in the intra-embryonic circulation at stage 12 and are quite 
noticeable by stage 13. Nevertheless, most of these cells were still circulat-
ing in the extra-embryonic blood vessels at this time. 
A slight decrease in the mean nu.~ber of PGCs was seen at 48 hours; how-
ever, this number was not significantly different from that of the previous 
stages. The actual percentage of dividing cells was highest in the 48 hour 
embryos. This figure, however, can be misleading. One embryo (Bl6), for 
example, contained only 11 PGCs, an abnormally low nu.mber for this period, and 
of these, four were undergoing mitosis, This number represents 36.36% of the 
total in the process of division as compared to another embryo (B23) with ten 
or a percentage of 6.25 dividing cells. Thus, in the latter embryo, more than 
twice as many germ cells were dividing as in the former but the actual per-
centage made it appear to be less active mitotically. Hence, the number of 
these cells actually dividing was also used as an indicator of mitotic activ-
ity. 
The embryo (Bl6) referred to above, in which only 11 PGCs were seen, ap-
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peared to be normal in other respects. The low number may have been due to an 
inherent defect in the segregation o~ these cells, a condition which may be 
genetic in nature as maintained by Hintz and Russell ('55) and Mintz ('57a, 
'57b, '57c, 160) in the mouse, 
Clawson and Domm ( 169), who studied early migration of the PGCs in the 
white and brown Leghorn fowl, reported a large number of these cells in mitosis 
at stage 9 (33 hrs), the latest stage studied by them. They attributed this 
increase to preparation for the passive phase of migration. Since the objec-
tive of their study was not an investigation on mitotic activity, they did not 
report the actual number of mitotic cells observed. 
As stated above, this study ascertained that mitotic activity occurred in 
these cells at 48 hours (stages 9-14), but this was not found to be noticeably 
different from that of previous stages. Division was seen not only in the 
extra-circulatory PGCs but also in those located within the extra-embryonic 
vascular channels. There appeared to be no specific extra-embryonic area to 
which this division was limited, since it was seen anterior, lateral and pos-
terior to the embryo proper. The only evidence of intra-embryonic division at 
this time was seen in the dorsal aorta. Thus, circulating PGCs, though scat-
tered throughout the extra-embryonic area, were found to be dividing in this 
initial phase of passive or vascular migration in both extra- and intra-embry-
onic locations. 
At 72 hours (stage 17) the majority of the PGCs were intra-embryonic; 
however, a significant number were still seen within the vascular channels of 
the extra-embryonic circulation. Swift ('14) and Venzke ('9~) reported that 
these cells gradually disappear from the circulatory system since none were 
,.. . 
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found in this system in embryos of more than 25 somites (stage 16). Meyer 
(•64), on the other hand, reported that at stage 18 (JO-J6 somites) an appre-
ciable number could still be found within the blood vessels, especially in 
those of the head region. More recently, Singh and Meyer (•67), in studies on 
chick embryo blood smears, reported the presence of vascular PGCs between 
stages 12-20 with the maximum number seen at stage 15. 
Although the present study was limited to stage 17 embryos at this period 
of incubation (72 hrs), complete agreement exists with the observations of 
Meyer ('64) and Singh and Meyer ('67) that PGCs are still present within the 
vascular channels at this time. Their observations, however, were limited in 
that they were confined to the intra-embryonic vasculature. Our findings 
supplement their studies since we also examined extra-embryonic areas. We 
found that, in addition to their presence within the intra-embryonic blood 
vessels, these cells also occur in the extra-embryonic vascular network. Thus, 
it appears that these cells continue to circulate throughout the entire embryo 
at three days (stage 17), as reported by Meyer ( 164) and earlier investigators, 
as well as outside the embryo via the vitelline vessels. In this study all of 
the extra-embryonic PGCs seen at this stage were confined to the blood vessels 
and some of these were undergoing division. 
The mean number of PGCs increased sharply at 72 hours (stage 17). A sec-
ond significant increase was observed at 120 hours (stages 25, 26, 27). The 
two increases between 48 (stages 9-14) and 72 and those between 96 (stage 22) 
and 120 hours were accompanied by a simultaneous increase in the number of 
mitotic cells. 
Chretien ( 166), who studied multiplication of the germ cells in the rab-
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bit embryo, reporlei two periods of intense proliferative activity during the 
period of migration, the first between 10 and 12 and the second between 16 and 
18 days. He ascertained this by calculating the "coefficient of multiplica-
tion" for each stage studied. This factor was determined by taking the mean 
number of PGCs at one period and dividing it by the mean number seen in em-
bryos in the previous time period examined. The result is a value showing the 
actual increase in PGCs over the previous period. The values of the two peaks 
observed by this investigator were 4.56 at 12 days and 7,63 at 18 days. 
From a calculation of the "coefficient of multiplication" during the peri-
od of migration in the present study two peaks were also seen, one at 72 
(964.J/114.4=8.43) and the other at 120 (2155.3/952.0=2.26) hours. 
The period revealing the highest coefficient of multiplication in the rab-
bit occurred between 16 and 18 days, at which time migration of the PGCs was 
about completed, In our study a peak, although not as high as that observed in 
the rabbit at 18 days, was observed at five days, which in the chick is also 
near the end of the migratory period. Thus, both the rabbit and the chick show 
a significant increase in the number of PGCs near the end of the migration pe-
riod when the majority of these cells are either in the dorsal mesentery in 
close proximity to the developing gonads or within the developing gonads them-
selves. 
In addition to a determination of the coefficient of multiplication, this 
study also involved a tabulation of PGCs in mitotic activity (coefficient of 
mitotic activity). Chretien ( 166) made no mention of observations on mitosis. 
The coefficient of mitotic activity was determined by using the mathematical 
method employed in calculating the coefficient 'of multiplication except that 
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instead of using the total number of PGCs, the total nu.mber of mitotic figures 
was used. A marked similarity was seen in the graphs representing the coeffi-
cient of multiplication and the coefficient of mitotic activity in that, in the 
latter, two peaks are also seen, one at 72, the other at 120 hours. Thus, it 
can be seen that the increase in the total number of PGCs is accompanied by a 
simultaneous increase in the number of mitotic figures. Hence, it is evident 
that the increase in the total number of PGCs in the chick during the period of 
migration is a result of the mitotic activity of these cells and not primarily 
a result of the number of PGCs initially differentiated as postulated by 
Rogulska ( 168) for the duck. 
The first peak in the nu.mber of dividing PGCs, seen at 72 hours, results 
prLmarily from cells dividing in the area of the genital ridges. This area 
includes not only the genital ridges, but also the neighboring mesenchyme, lo-
cated on the roof, angle and floor of the coelom. Thus, dividing germ cells, 
not only in the genital ridges but also in the adjacent mesenchymal areas, 
contribute substantially to the overall increase in the number of these cells. 
The second peak in the number of dividing PGCs, observed at five days, was 
also due mainly to an increase in the mitotic activity of these cells in the 
gonads and dorsal mesentery. This activity, however, was not limited to this 
area, but was also seen in the head mesenchyme, mesenchyme surrounding the 
notochord-neural tube complex and the ventral body wall. The fact that the 
germ cells begin to proliferate actively once they have reached the gonads was 
earlier reported by Swift ( 114), Goldsmith ( 128), Clawson and Domrn ('63a, 
163b), Narbaitz and Adler ( 166) and Callebaut ( 167) in the chick and by van 
Limborgh ( 1 5Sa, '.58b) in the duck. This fact has also been stressed in re-
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views by Franchi et al. ( 162) and Hardisty ( 167). However, the results from 
the present studies show that, in addition to those cells dividing within the 
gonads, the division of PGCs in the adjacent dorsal mesentery, prior to their 
entrance into the gonad, also contributes significantly to this increase in 
number. At 96 hours most of the mitotic activity of the PGCs, although not so 
great as that seen at 120 hours, occurred within the dorsal mesentery. Thus, 
it is evident that the mitotic activity of these cells is not limited to those 
in the developing gonads. 
Having completed their passive migration through the vascular system, the 
PGCs migrate active]y through the walls of the splanchnopleuric vessels or 
dorsal aorta and enter the tissues of the dorsal mesentery from where they move 
toward the developing gonads (Swift, '14; Woodger, '25; Goldsmith, '28; Weiss 
and Andres, '52). The current study has shown that cells in the active phase 
of migration within the dorsal mesentery, not only divide, but as a result 
contribute significant]y to the overall increase in germ cell number. In fact, 
in two 96 hour embryos (WJJ and WJ5) and in one 120 hour embryo (Bl) more di-
viding cells were found in the dorsal mesentery than in the gonads. This is 
in contrast to the findings of Clawson and Domm ( 16Jb) who reported no mitotic 
figures in tissue PGCs except in those within the gonads and concluded that 
division probably did not occur during this phase of migration. These obser-
vations, however, were incidental to their main investigative objective which 
was a study of the developmental changes in g]ycogen content of the PGCs during 
migration. 
It has been suggested that a germ cell in active migration probably does 
not have the energy reserve to carry on mitosis (Clawson, 168). Very little 
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is known concerning the metabolic activity of these cells. It would appear, 
however, that the cells in active migration are not in a continual state of 
movement, since in many instances, they were seen in rather dense aggregations 
or clusters in the dorsal mesentery prior to entering the gonads. Such ag-
gregations could conceivably impede migration into the gonads. Furthermore, 
the mesogonad, that portion of the mesentery attaching the gonad to the dorsal 
• 
body wall, is of such a magnitude that it might permit only a limited passage 
of these cells at any particular time. Thus, even if a germ cell did not pos-
sass the energy reserve to simultaneously actively migrate and undergo mitosis, 
it would appear that periods of inactivity, due to these aggregations and de-
lays in entering the gonads, could be of such a duration so as to permit divi-
sion at this time. 
~Ihile PGCs were still seen in the vascular system throughout the embryo 
at 72, 96 and 120 hours they were also not infrequently seen in areas some 
distance from their norm.al migratory pathways. The latter areas were the mes-
enchyme of the head, limb buds and adjacent to the notochord-neural tube com-
plex. It has been reported that the cells in these abnormal areas will not 
reach the gonads and that they will eventually degenerate (Beard, '04; Firket, 
114; Clawson and Domm, •63b). Cells characterized by pyknotic nuclei, shriv-
eled cell membranes and transluscent globular PAS-positive material, were seen 
in these areas which suggests t~at they may have been degenerating PGCs. Cell~ 
of this character were also seen in the dorsal mesentery at the posterior lev-
el of the gonads which suggests, as Clawson and !Jomm ('6Jb) concluded, that not 
all germ cells reach the gonads. 
As stated above, the occurrence of degenerating PGCs has been reported in 
!"'" . 
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far removed from the gonads. The literature is seemingly devoid of re-
on mitotic activity of PGCs in· areas such as these in the chick. Swift 
reported the presence of mitotic PGCs in the circulatory system of the 
but not within the mesenchy.me. Burns ( 125) found no divisions in aberrant 
GCs of AmbJ.ystoma, while Witschi ( 114) and Houillon ( 156) reported that PGCs 
hat migrate into areas some distance from the gonads in the frog (Rana esculen 
salamander (Pleurodeles) respectively, neither differentiate nor 
On the other hand, Stolk ( 158) working on the teleost Barbus gelius 
(length 70 m.m), reported an irregular, nodular, granulosa cell tumor in the 
~audal area some distance from the gonads, which, he interpreted as indicating 
that extra-gonadal oocytes, which have migrated into areas other than the go-
,ads, do multiply under certain conditions. 
Present observations indicate that mitosis does occur in PGCs in areas aw 
rom the gonads, especially in the head mesenchyme. other extra-gonadal sites 
dividing PGCs were seen include the limb buds and the mesenchyme sur-
ounding the notochord and the neural tube, Thus, it is evident from this stud 
hat when these cells leave the circulatory network they can and do divide re-
ardless of the distance they may be from the developing gonads, 
The fact that the PGCs do divide in areas other than the usual migratory 
athways, lends support to the theory that a wandering PGC, which has strayed 
pathway, may develop into a tumor-like structure (teratoma) as pos-
ula.ted by van Deth (l/+7) and ~1intz ( 160). 110 what degree these cells continue 
o proliferate in these areas is not known. On the other hand, Stevens ( 167) 
eported that there was little evidence that the mitotic activity of ectopic 
,erm cells result in the formation of extra-gonadal tu.mors in mammals, If it 
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were shown that the mitotic activity of these extra-gonadal cells continues to 
flourish, it would then lend support to the concept of teratoma formation. 
This study reveals that the PGCs of the chick divide, during all periods 
of migration, from the time they leave their site of origin until they enter 
the developing gonads. The fact that division of the germ cells has not been 
observed during this period in lower vertebrates such as cyclostomes (Okkel-
berg, 121; Hardisty and Cosh, 166), teleosts (Eigenmann, 1886; Wolf, '31; 
Dildine, 136), amphibians (Dustin, '07; Beccari, '24; Burns, '25; McCosh, '30; 
Cheng, 132) and reptiles (Jarvis, 1 08; B. Allen, 1 06; Pasteels, '53; Hubert, 
168) but has been seen in mam.Tlla.ls (Witschi, 148; Mintz, 160; Blandau, 165) may 
have phylogenetic significance. The mitotic activity of these cells in higher 
vertebrates such as birds and mammals may be associated with a higher meta-
bolic activity during the period of migration. 
The fact that a comprehensive, systematic study of the mitotic activity 
of the PGCs, during the period of migration in the chick, had not been pre-
viously reported can probably be attributed to two factors: 1) early investi-
gators were primarily interested in the origin and ultimate fate of these cells 
and 2) the difficulty involved in tracing these cells throughout the entire 
embryo. 
This study has shed some light on another problem of long-standing in-
volving the germ cells, namely, their identification. Until recently, they 
were characterized chiefly by their large size and low nucleo-cytoplasmic ra-
tio. With the development of more refined histochemical techniques, these 
cells were found to contain certain substances in relatively greater amounts 
than other cells, thus facilitating identification. Meyer ( 161, 164) reported 
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the presence of large amounts of glycogen in the PGCs of the chick (stages 11-
18) during the period of migration which greatly facilitated their identifi-
cation. Clawson and Domm ( 169) reported that the PGCs of the germinal crescent 
contained small, PAS-positive, non-glycogen granules useful in their identifi-
cation at this period. 
Considerable variation is seen in the counts on primordial germ cells, 
particularly in the earlier stages (18-48 hrs ), which could be attributed to 
the fact that those still attached to the endoderm are difficult to distinguish 
from endoderma.l somatic cells, even when applying the periodic acid-Schiff 
(PAS) technique. The reason for this is that PAS is not truly specific for 
primordial germ cells, since a number of carbohydrate and carbohydrate protein 
substances also present in some somatic cells react positively with it. These 
PAS-positive substances include acid and neutral mucopolysaccharides, glyco-
lipids, muco- and glycoproteins, unsaturated lipids and phospholipids (Pearse, 
168). The yolk of the egg of the hen contains carbohydrates in the form of 
glycogen and sugars (Romanoff, 167) and this material stains positively with 
PAS. When the blastodisc is removed from the yolk at these early stages, some 
of the yolk material is almost invariably carried along and as a result of its 
intense PAS-staining reaction it may mask some of the differentiating PGCs 
embedded in the endoderm. 
Using the presence of cytoplasmic deposits of glycogen as one of the cri-
teria for the identification of PGCs, Clawson and Dornm ( 165) classified pas-
sively migrating, circulatory germ cells into two types: 1) 2_mall .£,irculating 
(scPGCs) ranging from 7-10 micra in diameter and 2) large .£_irculating (lcPGCs) 
over 10 micra. These investigators admitted that the scPGCs are very similar 
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to the thrombocytes of the chick embryo described by Lucas and Jamroz ( 161). 
Meyer ( 164) considered the scPGCs of. Clawson and Domm as actually representing 
blood elements and excluded them from his counts. 
In studying mitotic PGCs it was noted that cells in late telophase were 
of such a size that, assuming mitosis was nearly completed, the resulting 
daughter cells would measure approximately 7 to 12 micra in diameter. This 
corresponded with the size of the scPGCs described by Clawson and Domm ( 165) 
and supports their view that these cells are actually PGCs. PAS-positive 
cells smaller than 7 micra were also seen in the circulation; however, these 
were· not included in our counts, since it was believed that they were circu-
lating blood elements. This is an area where more investigative work is needec 
and until more information becomes available with respect to the characteris-
tics of these passively migrating cells, it appears reasonable to regard those 
of at least 7 micra in diameter as germ cells. 
In examining germ cells in the process of division it is often apparent 
that the PAS-positive material is unevenly distributed throughout the cyto-
plasm. In some instances it is confined to one pole of the cell, while the 
opposite pole is clear and devoid of this material. If the disposition of this 
material remains the same throughout the mitotic cycle, the result would be ~n 
unequal distribution among the daughter cells. Thus, mitosis may be respon-
sible for the loss of PAS-positive material in some of these cells as reported 
by some investigators (Heyer, •64; Clawson and Domm, 165). 
The difference in size between the gonads of the female domestic fowl, 
which develops early in embryonic life, has attracted the attention of many 
investigators. In the chick the left gonad is always larger in females and it 
" . 
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is frequently also somewhat larger in the male. In the female it is the only 
functional gonad. This asymmetry in size is reflected in an unequal distri-
bution of the PGCs in the gonads of the embryo. 
A number of investigators have studied the distribution of the germ cells 
in the gonads of the avian embryo and none of them have reported an asymmetry 
prior to the third day of incubation (Brode, 128; Matsumoto, '32; Witschi, '35; 
Stanley and 'Witschi, 140; Vannini, 145; Clawson and Dormn, 163b; Meyer, 164). 
In the present study no consistent asymmetry with respect to the distri-
bution of PGCs, either intra- or extra-embryonic, was seen prior to 96 hours 
(stage 22). During this period, however, a marked asymmetry was seen in some 
of the embryos which in some was predisposed to the right and in others the 
left side. Thus, it would appear that initially there is a random distribution 
of these cells as suggested by Simon ('57) who, by removing part of the germi-
nal crescent in the chick embryo, found that the PGCs arising from either side 
of the germinal crescent may invade both gonads. Fargeix ('64a, 164b), as a 
result of work on the duck, concluded that the factor(s) responsible for this 
asymmetry may be present prior to incubation but is not manifested until col-
onization of the gonads had occurred. Whether or not this asymmetry is ge-
netically determined remains to be ascertained. Clawson and Domm ( 169) con-
cluded that these cells probably have an asymmetrical origin but stated that 
their evidence was not sufficient for a positive determination. From the work 
presented here, it would appear that the fact that the PGCs are carried pas-
sively throughout the circulatory network contributes greatly to the random 
distribution of these cells prior to gonadal colonization. 
The present observations indicate that a definite asymmetry in germ cell 
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distribution predisposed to the left side is firmly established by 96 hours 
incubation. This assertion is based on the accumulation of PGCs in the left 
side in both the gonad and dorsal mesentery at this time. At 120 hours this 
asymmetry was even more marked. In other areas of the embryo such as the head 
mesenchyme, limb buds and the area surrounding the notochord-neural tube com-
plex, where PGCs were found to accumulate at these later stages (3-5 days), 
the asymmetry in distribution with a preference for the left side was either 
absent or much less evident. 
The question naturally arises as to the cause of this asymmetrical dis-
tribution and the reason it is confined to the area of the gonads. Two rea-
sons have been suggesteds 1) The gonads may liberate a chemotactic-like sub-
stance which attracts the germ cells (Willier, '39; Witschi, 148; Johnston, 
151; Dubois, 168; Cuminge and Dubois, 169a) and, which, because of the differ-
ence in size of the gonads predisposes the left side. 2) A substance may be 
elaborated by the left gonad which stimulates mitotic activity in this side 
(Baillie et al., 166). This, they believed, should result in an increase in 
the number of PGCs in this side. The present observations on mitotic activity 
at 96 and 120 hours showed that both the dorsal mesentery, adjacent to the go-
nads, and the gonads themselves were major sites of mitotic activity, and that 
the majority of these cells were located in the left side. Whether or not the 
larger number of cells on the left results from an increase in mitotic activ-
ity in this side or, since there are more cells in this side, the chance of an 
increase in mitotic activity is enhanced, can not be determined from the pres-
ent study, 
As stated above, the vast majority of these cells find their way to the 
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developing gonads. Baillie et al. ('66) concluded that the genital ridges 
exert an attractive force which is steroidal in nature. Evidence supporting 
this concept has appeared from several sources. Lillie ( 117), as the result 
of his observations on the freemartin condition in cattle, theorized that go-
nadal hormones were responsible for sexual differentiation. He believed that 
the action of these hormones was responsible for the development of the free-
martin condition in cattle. Lillie found that for the freemartin condition to 
develop, it was necessary that the fetal calves be heterosexual and that their 
placentae become joined at an early age. He assumed that gonadal hormones 
developed earlier in the male twin and were carried by joined placental cir-
culations into the body of the female twin where they exerted an androgenic 
effect on the development of gonads and accessory sex structures, resulting 
in an intersexual condition. Histological studies on the gonads of the fetal 
calf (Bascom, '23) supported Lillie's theory. This investigator reported that 
the gonads of the male fetal calf revealed evidence of secretory activity 
prior to those of the female. 
The actual detection of hormonal substances in the embryonic chick gonad 
has been limited to the period following sex differentiation which occurs be-
tween six and seven days. Gallien and Le Foulgoc ('57) demonstrated the pres-
ence of estrogens in extracts of the left ovary of embryos at ten days incu-
bation at a concentration of 0.019,1-<.g/mg of ovarian weight by the use of 
fluorimetric and colorimetric techniques. Ozon (•65), by means of fluori-
metric and chromatographic techniques, detected estrogens in the amniotic 
fluid of chick embryos at ten days at a concentration of l~.9/"'g/100 ml. Fur-
ther evidence for the elaboration of hormones by the differentiated gonads 
8J 
was provided by their effect on the differentiation of accessory sex structures 
in the duck (Lewis and Domrn 148; Wolff, '59). 
It has also been shown that the gonads of 7-10 day old chick embryos pos-
sess the capacity to synthesize hormones in the presence of radioactive pre-
cursors (Wolff et al., 166; Cedard a~d Haffen, 166; Weniger et al., 167; Haffen 
and Cedard, 168). In vitro studies, in which undifferentiated gonads of five 
and six day embryos were cultured with radioactively labeled, gonadal steroid 
precursors, resulted in the presence of radioactively labeled estrone and 
estradiol in culture media after 24 hours C-•·Jeniger, 168; Weniger and Zeiss, 
•69; Haffen, '70). These findings, coupled with those of Rabuck ( 166) and 
Woods and Weeks (' 69) who reported a key enzyme, A 5_ 3,B-hydroxysteroid dehy-
drogenase, in the genital ridges of chick embryos as early as two and three 
days of incubation, leads one to speculate on the presence of gonadal steroids 
at this early age, and the presumed function of these substances, since the 
presence of this enzyme is essential in the biosynthetic pathway of steroido-
genesis. 
·In the second part of the present study it became of interest to ascertain 
the possible role(s) gonadal steroids play in attracting the PGCs. Steroids 
were administered, prior to sexual differentiation, normally occurring at 6t-
7 days, and their effects on germ cell colonization of the gonads observed. It 
was assumed that any modification in the normal patteinof colonization might 
implicate gonadal steroids as the agents responsible for the chemotactic-like 
attraction normally exerted by the gonads. 
In this part of the study only the behavior of PGCs in the gonads and ad-
jacent dorsal mesentery were considered. A group of normally developed, non-
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manipulated embrY"os necropsied at the end of five days of incubation served as 
controls. The mean number of PGCs located in the gonadal area of the four em-
bryos of this group served as a base line for comparison with the experimental 
groups. 
In this study the student t test was employed to ascertain the signifi-
cance between different groups. Caution must be exerted when _interpreting the 
results. Since the number of embryos in each group is small and since the 
number of PGCs found in each embryo can vary greatly, the results of this 
analysis should be looked upon as displaying a trend and not necessarily a 
hard and fast significance or non-significance between groups. 
In the study involving the administration of steroids, crystalline es-
tradiol-1~ brought about a slight decrease in the mean number of PGCs when 
compared with the normally developed control group. This decrease, however, 
was not significant. The extra-gonadal implants apparently had no significant 
effect either on the number of cells aggregating in the gonadal area or on the 
number actually colonizing the gonads. The application of estrone in an aque-
ous suspension brought about an insignificant decrease in the mean number of 
PGCs in the gonadal area when compared with the normally developed controls. 
The development of the gonads in the groups receiving estrogens appeared to be 
normal and not affected by the administration of these hoMl.ones. 
A number of investigators have administered exogenous sex steroids in 
order to determine the effect of these hormones on gonad differentiation. 
Wolff and Ginglinger ('35b), Willier et al. ('35, '37) and Dantschakoff ('35) 
found that the administration of estrogenic hormones (estrone and estriol) in 
the chick embryo did not affect ovarian differentiation; however, testes were 
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transformed into ovotestes. This phenomenon resulted from the development of 
the incipient cortex of the testis, particularly the left, into an ovarian 
cortex. Wolff and "Ginglinger ( 135a) reported that the administration of 
crystalline female sex hormones brought about retention of the Mullerian ducts 
in male embryos, Although it has been shmm that estrogens can bring about a 
transformation of the testis into an ovotestis in the chick embryo, by stimu-
lation of the incipient cortex, it appears that the administration of this 
hormone has little effect on the normal accumulation of PGCs in the area of the 
developing gonads, 
When pellets of testosterone were implanted on the blastodisc a decrease 
in the mean number of germ cells was observed in the gonadal area, similar to 
that found in the estrogen-treated groups. This decrease, however, was not 
significant when compared with the normally developed, non-manipulated con-
trol group. Hence, it would appear that the administration of testosterone in 
pellet form, under the conditions and methods employed in these experiments, 
had no significant effect on the normal aggregation of these cells, 
Wolff ( 153) observed that the gonads of the fem.ale chick embryo do not 
respond to the administration of androgens, Jost ( 1 55), found that when he 
placed a crystal of testosterone propionate near one ovary of a rabbit fetus 
prior to sexual differentiation, a stimulation of the vJolffian ducts occurred 
but no inhibitory action on the Mullerian ducts was noted. 
In our experiments the administration of estrogens or testosterone, prior 
to sexual differentiation had no noticeable effect on the aggregation of pri-
mordial germ cells in the gonadal area, When testosterone cypionate was ad-
ministered, however, a reduction in the mean nu.mber of PGCs occurred and an 
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inhibition in the growth of the gonads was observed in two embryos. This 
reduction in the mean munber of PGCs was found to be significant probably due 
to the fact that one of the embryos revealed an abnormally low number of PGCs 
for this period of development. It is conceivable that this preparation was 
responsible for the observed inhibition in grmvth of the gonads and that this 
may have modified or eliminated the chemotactic-like attraction. That these 
hormones may exert an indirect effect on gonad development was shovm by Ashby 
('57) who, in work on the brown trout, observed an increase in vascularity of 
the gonadal area when testosterone was added to the water. This response could 
influence gonad colonization by increasing the vascular pathways available to 
circulating PGCs. Two of the embryos of this group revealed an inhibition in 
development of the gonads and a reduction in the number of PGCs in the gonadal 
area. Whether or not the administration of testosterone was responsible for 
this effect is not clear from our limited observations. In the absence of. any 
consistent results further observation must be made before any conclusive 
statement can be made with respect to the effect of steroid hormones on gonadal 
colonization. 
The fact that the administered gonadal steroids gave no clear-cut evidence 
of an effect on gonad colonization, prior to sex differentiation, does not 
eliminate these hormones as the agents responsible for the attraction of germ 
cells to the gonads. There are other steroids in the biosynthetic pathway 
leading to the formation of estrogens and androgens which may be present at 
this early age. In vitro studies on differentiated gonads have shown that they 
may elaborate not only sex steroids of known biological activity, such as 
estrone and estriol, but also such steroids as androst-5-ene-313, 1?8-diol and 
androst-.5-ene-3p, l';Aa<.-diol which have been recovered from culture media 
(I1aff en, '70) • 
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Because of the mortality encountered following the use of the anti-an-
drogen cyproterone acetate, care must be taken in drawing conclusions from 
observations on surviving embryos. Since this drug in the dosage employed, 
appeared to be high],y toxic, any effects observed in the surviving embryos may 
be the result of toxicity rather than a specific effect of the drug itself. 
This preparation has been found to inhibit androgenic effects through its ac-
tion on target organs (Junkman and Neumann, 164; Neumann and von Berswordt-
Wallrabe, '66; Neumann and Elger, '66). In work on rabbits, cyproterone ace-
tate was reported to have on],y a minor effect on sexual differentation in the 
female fetus, whereas in the male fetus it inhibited development of the Wolf-
fian ducts, whosemaintenance is generaliy considered to be under the control of 
androgens (Elger et al,, •67), On the other hand, differentiation of gonads, 
descent of testes and regression of HUllerian ducts was not affected, which 
would seem to indicate that these characters are not under the control of an-
drogens. Hence, if the attraction of germ cells is under androgenic control 
the administration of cyproterone acetate should inhibit the expression of this 
reaction. However, no significant difference was observed between the two 
groups of surviving embryos given cyproterone acetate and the normal],y devel-
oped control group, 
Cholesterol, because of its steroid structure and absence of steroid hor-
monal properties, was used as a control. The mean number of PGCs in the go-
nadal areas of embryos in this group varied less than that of any other experi-
mental groups, presumably indicating an absence of any appreciable effect on 
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gonad colonizationo 
Non-steroidal substances could also be responsible for the presumed chemo-
tactic-like effects. Lipids have been detected in the gonads (Chieffi et al. 
•64). Cuminge and Dubois ( 169b) localized proteins or protein-like substances 
in the germinal epithelium at the time of gonad colonization and concluded that 
these substances may be involved in the gonadal attraction of the germ cell. 
As stated above, no significant difference was seen in the accumulation 
of PGCs in the area of the gonads following the administration of steroidal 
preparations, except for the group receiving testosterone cypionate. However, 
all embryos, no matter how manipulated, chemically or hormonally, displayed 
an asymmetry with a predominance of PGCs in the left side, indicating that 
the exogenous steroid hormones had no effect on the normal asymmetrical dis-
tribution of PGCs in this area. 
It was recently reported that this asymrnetry may be utilized to determine 
the sex of the embryo. Van Limborgh ( 168a), as a result of investigations on 
the chick, concluded that the distribution of PGCs in the gonads is the first 
indication of sexual differentiation on the basis of which the sex of an em-
bryo can be determir.ed as early as 85 hours of incubation, some ckcy's before 
morphological sex differentiation normally occurs. He confirmed this obser-
vation by sex chromatin studies and found the degree of asynm1etry to be re-
lated to the genetic sex of the embryo. He observed that embryos with less 
than 24% of the total number of gonad.a.1 FGCs in the right gonad were genetic 
females and those with more than JO~ genetic males. 
A somewhat similar finding was reported in the rat by Hemet and Rabineau 
( 166). These investigators found that on the 12th day of gestation, prior to 
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sex differentiation, 57% of the PGCs were located in the gonadal primordia of 
females, while 71% were found in those of the male. 
In the present study an attempt was made to determine whether the distri-
bution of PGCs in the gonads would show any consistent modification with re-
spect to sex following the administration of steroid hormones. 
In the embryos administered estrogens (8), androgens (11) and cyproterone 
acetate (6) the right gonads, in all but four cases, contained a relatively 
low percentage of PGCs suggesting, according to van Lim.borgh ( 168a), a pre-
dominance of females. The significance of this is, of course, not known at 
this time. The number of cases is probably too small to expect a "normal" 1:1 
sex ratio; however, control embryos (normally developed, cottonseed oil, ses-
ame oil, cholesterol) displayed an actual sex ratio of 9 males to 7 females 
when using this criterion as an indicator of sex. 
The fact that in almost all of the embryos given steroids the right gonad 
contained a relatively small percentage of germ cells when compared to the 
left could be due either to a random distribution or to the hormone adminis-
tration. Whether or not the steroids affected the normal distribution of PGCs 
between right and left gonads and if so, whether or not this affects the use 
of van Limborgh's ( 168a) criterion for determining the genetic sex at an early 
age remains to be determined. A simultaneous study on the sex chromatin body 
of the amniotic epithelium could shed some light on this result (Gorecki, 169). 
In some instances, a larger number of dividing cells were found in the 
dorsal mesentery than in the gonads which indicates that these cells were mi-
totically active before they reached the gonads. It would seem that if the 
endogenous steroids of the developing gonads are responsible for an increase 
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in PGC mitotic activity, once they reach this area (Baillie et al,, 166), then 
the administration of exogenous steroid hormones could be expected to increase 
mitotic activity in general and conseguentJ.y the number of these cells, This 
study, however, did not reveal such a result, No consistent modification in 
the incidence of mitotic activity was observed in any of the experimental 
groups. One embryo (Pl), given testosterone cypionate, revealed 10.34% of the 
PGCs in this area undergoing mitosis: however, onJ.y 58 PGCs were found here, 
of which six were dividing, which accounts for the unusually high percentage 
of mitotic cells, The percentage of dividing PGCs in all other embryos, con-
trols and experimentals, ranged from zero to 4,02 which would appear to be 
indicative of a virtual absence of any stimulative influence, 
From these results it is evident that the exogenous sex steroids, in the 
manner and under the conditions employed in these experiments, had no effect 
on the aggregation of the germ cells. It is known that under normal condition~ 
these cells wander from their usual migratory pathway and may be found in 
various areas of the embryo. It is not known if steroids exert any role in 
the behavior of these ectopic cells, 
The effect of administered steroid hormones on migration or proliferation 
of the germ cells or the effects of endogenous steroid hormones on these cells 
is not known. If the developing gonads exert a chemotactic-like attraction on 
these cells, as has been assumed, the agent concerned and the mode of action 
remains to be determined, 
VI. Sill1MARY A..~D CONCI,USIONS 
1. The present study involved a determination of the sites, times and fre-
quency of mitotic activity of the primordial germ cells (PGCs) in the 
chick embryo, during the period of migration between 18 hours and five 
days incubation. To facilitate observations on mitotic activity embryos 
were given colchicine dissolved in saline. 
2. The embryos were fixed in cold Gendre's fluid, serially sectioned and 
stained with the periodic acid-Schiff (PAS) method. The entire embryo 
was examined for PGCs at all stages studied, in addition to the area 
opaca and area pellucida in 18 and 28 hour embryos and the area vasculosa 
in 48 and 72 hour embryos. 
J. Embryos given colchicine did not always show a higher incidence of divid-
ing PGCs than did saline administered embryos of the same age. The ·reason 
that the number of PGCs in mitosis was not always greater in embryos 
receiving colchicine was believed to be due to a longer generation time. 
I}. The nu.mber of PGCs increased during the period of migration. This was 
due mainly to an increase in the number of intra-embryonic cells since 
the number of extra-embryonic cells did not increase significantly during 
this period (18-72 hrs). 
5. Two periods of intense proliferation were observed, the first between 48 
and 72 hours and the second between 96 and 120 hours. A simultaneous 
increase in the nu.mber of mitotic figures occurred during these periods. 
6. Mitotic PGCs were seen in the germinal crescent and in both intra-embry-
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onic and extra-embryonic blood vessels during the passive phase of migra-
tion, in the dorsal mesentery during the active phase of migration, and 
within the developing gonads. 
?. Mitosis also occurred in those PGCs found in areas some distance from the 
normal migratory pathway. These areas included the head mesenchyme, the 
limb buds and the area of the notochord and neural tube along the entire 
length of the embryo. 
8. A consistent asymmetry in the distribution of PGCs predisposed to the left 
side was not apparent until the fourth day. The distribution in the area 
of the dorsal mesentery and the developing gonads was primarily responsi-
ble for this asymmetry. other areas where these cells were found in sig-
nificant numbers, such as the head mesenchyme, notochord-neural tube com-
plex and limb buds, revealed no consistent asymmetry in preference to 
either side. 
9. In those embryos given testosterone pellets, crystals of estradiol-l?p, 
estrone in an aqueous suspension or the anti-androgen cyproterone acetate, 
in solution or in crystalline form, no significant difference was seen 
between experimentals and controls in either number, distribution or mi-
totic activity of these cells in the gonadal area. In embryos given 
testosterone cypionate dissolved in cottonseed oil, a significant de-
crease was seen in the mean number located in the gonadal area. In two 
of these embryos, however, the gonads were below normal size which may 
account for the decrease in the number of these cells. 
10. It is concluded from this study, that there is no cessation in mitotic 
activity during either the active or passive phase of migration, and that 
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the increase in number observed at 72 and 120 hours is primarily due to 
an increase in mitotic activity of the cells in the developing gonads and 
dorsal mesentery, 
11. Furthermore, it is concluded that the administered sex steroids, in the 
manner employed and under the conditions of these experiments had no di-
rect effect on the colonization of the gonads, either by inhibiting or 
enhancing migration of the germ cells, and that they were apparently 
without effect on the mitotic activity of these cells. 
12, Ct.ring to the fact that the number of embryos examined was small and that 
only a limited number of steroids was used, the present study does not 
provide sufficient evidence to invalidate the current theory that steroids 
synthesized in the developing gonads exert an attractive force on the 
germ cells. 
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B32 12 Col. 92 11 81 11.95 
Bl6 13 Col. 11 4 7 36.36 
W61 14 Sal. 70 5 65 7.14 
W63 14 Col. 310 4 Jo6 1.29 
B27 17 Col. 518 16 502 3.08 
B28 17 Col. 1762 21 1741 1.19 
B36 17 Col. 612 20 592 3.26 
W28 22 Sal. 824 31 793 J.76 
W33 22 Col. 914 16 898 1.75 
w35 22 Col. 1118 13 ll05 1.16 
Bl 25 Col. 2o63 65 1998 J.15 
W9 26 Col. 2211 51 2160 2.30 
w2 27 Sal. 2192 142 2049 6.22 
*Saline; **Colchicine 
TABLE 2 110 
Bilateral Distribution of Dividing Germ 
Cells in the Early Chick Embryo 
Incub. PG Cs Dividinf.l" PGCs 
Embryo Stage hours Tota.1 Lt. Rt. Total Lt. Rt. 
W45 3 18 43 7 
W39 4 18 119* 36 80 2 l l 
W42 4 18 149 36 113 1 l 0 
W43 4 18 82 5 
Bll 4 18 49 40 9 7 6 l 
W38 5 18 193 124 69 23 8 15 
B8 5 18 35 30 5 2 1 l 
BlO 5 18 170 23 147 31 5 26 
Bl3 6 28 269 132 137 6 5 1 
Bl2 7 28 292 191 101 14 9 5 
w52 7 28 75 7 68 0 0 0 
Bl4 8 28 266 190 76 25 18 7 
W56 8 28 286 193 93 7 4 3 
B29 8 28 185 135 50 17 8 9 
B31 8 28 46* 34 11 16 7 9 
Bl? ·9 48 109 13 96 18 4 14. 
B20 9 48 56 14 42 3 l 2 
B23 11 48 160* 26 130 10 0 10 
B24 11 48 107 102 5 4 4 0 
B32 12 48 92* 22 62 11* l 9 
Bl6 13 48 11 3 8 4 2 2 
W61 14 48 70 40 30 5 2 3 
W63 14 48 310 67 243 4 2 2 
B27. 17 72 518* 195 314 16* 9 6 
B28 17 72 1762* 871 833 21 14 7 
B36 17 72 612* 294 298 20* 8 10 
W28 22 96 824 524 300 31 22 9 
w33 22 96 914* 5.58 342 16 12 4 
w35 22 96 1118* 749 348 13 3 10 
Bl 25 120 2063 1596 467 65 47 18 
w9 26 120 2211 1714 497 51 35 16 
W3 27 120 2192 1339 853 143 66 77 
* Includes cells in midline whose latera.lity could not be determined. 
TABLE 3 111 
Antero-Posterior Distribution and Mitotic 
Activity of Germ Cells in the 18-Hour Embryo 
W42 (Stage 4) W39 {Stage 4) 
l,ocation Total Lt. Rt. Div. Total Lt. Rt. Div. 
Ant. to prim. knot 118 32 86 0 53 19 34 0 
Lat. to prim. knot 6 3 3 0 13* 3 8 0 
Lat. to prim. streak 21 1 20 1 44* 11 32 1 
Post. to prim. streak 4 0 4 0 2 2 6 1 
Totals 149 36 113 1 119* 36 80 2 
Bll {Stage 4) W38 (Stage 5) 
l,ocation Total Lt. Rt, Div. Total Lt. Rt. Div. 
Ant. to prim. knot 21 13 8 1 138 77 61 13 
Lat. to prim. knot 19 18 1 5 10 7 3 4 
Lat. to prim. streak 9 9 0 1 42 40 2 4 
Post. to prim. streak 0 0 0 0 2 0 2 2 
Tota.ls 49 40 9 7 193 124 69 23 
B8 (Stage 5) 
• 
BIO (Stage 5) 
l,ocation Total I,t • Rt. Div. Total Lt. Rt. Div. 
Ant. to prim. knot 5 5 0 0 138 20 118 14 
Lat. to prim. knot 8 6 2 0 22 3 19 11 
Lat. to prim. streak 22 19 3 2 10 0 10 6 
Post. to prim, streak 0 0 0 0 0 0 0 0 
Totals 35 30 5 2 170 23 147 31 
* Includes cells in midline whose laterality could not be determined. 
TABI..E 4 112 
Antero-Posterior Distribution and Mitotic 
Activity of Germ Cells in the 28-Hour Embryo 
B13 (Stage 6) B12 (Stage 7) 
Location Total I.t. Rt. Div. Total I.t. Rt. Div. 
Extra-embryonic 
Ant. to embryo 0 0 0 0 100 72 28 2 
Lat. to embryo 0 0 0 0 191 118 73 12 
Ant. to prim. knot 162 84 78 1 0 0 0 0 
lat. to prim. knot 88 36 52 2 1 1 0 0 
Lat. to prim. streak 19 12 7 3 0 0 0 0 
Post. to prim. streak 0 0 0 0 0 0 0 0 
Intra-embryonic 0 0 0 0 0 0 0 0 
Totals 269 132 137 6 292 191 101 14 
W52 (Stage 7) B14 (Stage 8) 
Location Total Lt. Rt. Div. Total Lt. Rt. Div. 
Extra-embryonic 
Ant. to embryo 25 0 25 0 6 5 1 0 
Lat. to embryo 45 7 38 0 259 184 75 24 
I.at. to prim. knot 4 0 4 0 0 0 0 0 
I.at. to prim. streak 1 0 1 0 0 0 0 0 
Post. to prim. streak 0 0 0 0 0 0 0 0 
Intra-embryonic 0 0 0 0 1 1 0 1 
Totals 75 7 68 0 266 190 76 25 
TABI..E 4 - Continued 113 
W56 (Stage 8) B31 (Stage 8) 
I..ocation Total I,t. Rt. Div. Total r..t. Rt. Div. 
Extra-embryonic 
Ant. to embryo 22 18 4 0 13* 12 0 1 
I.at. to embryo 243 164 79 4 31 21 10 14 
Lat. to prim. knot 1 1 0 0 2 1 1 1 
Lat. to prim. streak 7 7 0 3 0 0 0 0 
Post. to prim. streak 0 0 0 0 0 0 0 0 
Intra-embryonic 13 3 10 0 0 0 0 0 
Totals 286 193 93 7 46* 34 11 16 
B29 (Stage 8) 
I..ocation Total r..t. Rt. Div. 
Extra-embryonic 
Ant. to embryo 9 3 6 1 
Lat. to embryo 175 131 44 16 
Lat. to prim. knot 0 0 0 0 
Lat. to prim. streak 0 0 0 0 
Post. to prim. streak 0 0 0 0 
Intra-embryonic 1 1 0 0 
Totals 185 135 50 17 
* Includes cells in midline whose laterality could not be determined. 
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TABLE .5 
Antero-Posterior Distribution and Mitotic 
Activity of Germ Cells in the 48-Hour Embryo 
Bl? (Stage 9) B20 (Stage 9) 
Location Total Lt. Rt. Div. Total Lt. Rt. Div. 
Extra-embryonic 
Ant. to embryo 1 1 0 0 21 10 11 1 
Ant. tip of 
embryo to AIP** 86 10 76 8 22 0 22 0 
AIP to post. 
tip of embryo 20 2 18 10 8 0 8 1 
Post. to embryo 0 0 0 0 1 1 0 0 
Intra-embryonic 2 0 2 0 4 J 1 1 
Totals 109 lJ 96 18 14 42 J 
B24 (Stage 11) B23 (Stage 11) 
Location Total Lt. Rt. Div. Total Lt. Rt. Div. 
Extra-embryonic 
Ant. to embryo 12 12 0 1 6* 0 2 0 
Ant. tip of 
embryo to AIP 90 86 4 J 107 1.5 92 8 
AIP to post. 
tip of embryo 4 J 1 0 21 11 10 0 
Post. to embryo 0 0 0 0 24 0 24 2 
Intra-embryonic 1 1 0 0 2 0 2 0 
Totals 107 102 
.5 4 160* 26 130 10 
TABLE 5 - Continued 115 
B32 (Stage 12) Bl6 (Stage 13) 
location Total I,t. Rt. Div. Total Lt. Rt. Div. 
Extra-embryonic 
Ant. to embryo 17* 1 9 l 0 0 0 0 
Ant. tip of 
embryo to AIP 10 1 9 2 5 ·o 5 1 
AIP to post. 
tip of embryo 44 8 36 8 6 3 3 3 
Post. to embryo 3 2 1 0 0 0 0 0 
Intra-embryonic 18* 10 7 0 0 0 0 0 
Totals 92* 22 62 11 11 3 8 4 
W61 (Stage 14) W63 (Stage 14) 
location Total Lt. Rt. Div. Total !,t. Rt. Div. 
Extra-embryonic 
Ant. to embryo 10 6 4 1 201 6 195 2 
Ant. tip of 
embryo to AIP 19 5 14 1 39 22 17 0 
AIP to post. 
tip of embryo 31 21 10 2 49 26 23 2 
Post. to embryo 7 5 2 1 4 0 4 0 
Intra-embryonic 3 3 0 0 17 13 4 0 
Totals 70 40 30 5 JlO 67 243 4 
* Includes cells in midline whose laterality could not be determined. 
AIP** Anterior Intestinal Portal 
TABLE 6 116 
Antero-Posterior Distribution and Mitotic 
Activity of Germ Cells in the 72-Hour Embryo 
B27 (Stage 17) B28 (Stage 17) 
Location Total J,t. Rt. Div. Total Lt. Rt. Div. 
Extra-embryonic 
Ant. to embryo 6 1 5 0 60* 23 10 0 
Lat. to embryo 29 20 9 1 157 77 80 1 
Post. to embryo 17* 3 5 1 36* 7 2 0 
Intra-embryonic 
Head 41 11 JO 0 217* 83 133 7 
Gonadal area 397 148 249 12 1100* 582 517 11 
Other 28 12 16 2 192* 99 91 2 
Totals 518* 195 314 16 1762* 871 833 21 
B36 (Stage 17) 
Location Total I,t. Rt. Div. 
Extra-embryonic 
Ant. to embryo 15* 0 4 1 
I.at. to embryo 91* 39 45 4 
Post. to embryo 6 2 4 0 
Intra-embryonic 
Head 71* 41 29 1 
Gonadal area 393 196 197 14 
other 36* 16 19 0 
Totals 612* 294 298 20 
* Includes cells in midline whose laterality could not be determined. 
TABLE 7 117 
• 
Antero-Posterior Distribution and Mitotic 
Activity of Germ Cells in the 96-Hour Embryo 
W28 (Stage 22) W33 (Stage 22) 
Location Total Lt, Rt, Div, Total Lt. Rt. Div. 
Head 59 25 34 4 76 40 J6 2 
Dorsal mesentery 461 283 178 10 577* 345 218 8 
Gonads 176 146 JO 13 148 127 21 6 
Notochord-neural 
tube complex 49 JO 19 0 41 23 18 0 
Limb buds 20 9 11 0 22 6 16 0 
Other 59 31 28 4 50 17 33 0 
Totals 824 524 JOO Jl 914* 558 342 16 
WJ5 (Stage 22) 
Location Total Lt. Rt, Div, 
Head 177 71 lo6 2 
Dorsal mesentery 585* ,413 152 9 
Gonads 173 161 12 1 
Notochord-neural 
tube complex 71 39 32 0 
Limb buds 24 11 13 0 
other 88* 54 JJ 1 
Totals 1118* 749 348 13 
* Includes cells in midline whose laterality could not be determined. 
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TABLE 8 
Antero-Posterior.Distribution and Mitotic 
Activity of Germ Cells in the 120-Hour Embryo 
Bl (Stage 25) W9 (Stage 26) 
Location Total Lt, Rt, Div, Total Lt, Rt. Div, 
Head 175 101 74 2 100 66 34 5 
Dorsal mesentery 886 723 163 33 59 48 11 1 
Gonads 855 692 163 28 1841 1470• 371 41 
Notochord-neural 
tube complex 49 18 31 1 24 10 14 1 
Limb buds 11 7 4 0 45 33 12 0 
Other 87 55 32 1 142 87 55 3 
Totals 2o63 1596 467 65 2211 1714 497 51 
W J {Stage 27) 
Location T6tal Lt, Rt, Div, 
Head 140 48 92 2 
Dorsal mesentery 422 295 127 12 
Gonads 1241 811 430 113 
Notochord-neural 
tube complex 99 41 58 0 
Limb buds 21 8 13 1 
Other 269 136 133 15 
Totals 2192 1339 853 143 
TABLE 9 
Preparations Administered in Studies 
on Gonadal Colonization 
Substances Administered 
Testosterone propionate 
crystals 
Testosterone cypionate 
in cottonseed oil 
Estradiol-1~ crystals 
Estrone in aqueous 
. suspension 
Cyproterone acetate 
crystals 
Cyproterone acetate in 
sesame oil 
Cholesterol crystals 
Dosage (mg) 
0.5-1.35 
1.0 
0.25-0.4 
0.5-1.0 
O.J-0.6 
0.25-0.5 
0.1-0.2 
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TABLE 10 
Bilateral Distribution of Germ Cells in the Gonadal 
Area Following Injections of Various Preparations 
PG Cs 
Treatment Embrzo Stage Total* Lt. Rt. Dor. Mes. Gonads 
Normally C4 25 610 402 197 266 344 
developed C2 26 2394 1692 589 1112 1282 
controls 
C3 26 3271 2537 653 1037 2234 
C5 26 2018 1123 814 1007 1011 
Pl 24 58 52 5 36 22 
P7 24 623 468 149 402 221 
Testosterone 
cypionate in P9 24 287 239 45 86 201 
cottonseed oil P2 25 858 631 196 694 164 
P5 25 1261 1117 125 385 876 
P6 25 1090 972 89 444 646 
Fll 26 1400 1001 378 664 736 
Fl.5 26 1849 1.547 276 398 1451 
Cottonseed oil 
controls Fl6 26 1507 1050 434 509 998 
Fl8 26 1948 1224 695 552 1396 
FlO 25 925 598 270 631 294 
F5 26 1360 819 510 725 635 
Testosterone 
propionate F7 26 1688 1195 446 628 lo60 
pellet F8 26 886 644 202 572 314 
F9 26 915 791 104 643 272 
P4 24 794 693 83 388 406 
Estrone in P8 24 1876 1427 403 692 1184 
aqueous 
suspension PlO 24 1332 964 270 6.54 678 
P3 25 1041 658 3.54 575 466 
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TABIE 10 - Continued 
PGCs 
Treatment Embryo Stage Total* Lt. Rt. Dor. :'res. Gonads 
Fl 26 1527 1034 476 256 1271 
Estradiol-17f F2 26 1481 1199 231 536 945 
crystals 
F3 26 1251 1094 141 457 794 
F4 27 1995 1507 432 650 ·1345 
Chl 25 2980 2402 .518 1194 1786 
Cholesterol Ch7 26 1726 1564 141 609 1117 
crystals 
Ch9 26 1492 736 727 802 690 
ChlO 26 1075 729 315 602 473 
Cyproterone acetate 
Ali- 25 606 427 171 295 311 
Crystal S4 25 1073 819 244 82.5 248 
Al 25 199 111 87 86 113 
All 24 700 566 134 466 234 
Sesame oil Al2 24 1436 1202 235 573 863 
Al3 24 1154 900 245 856 298 
CSl 25 1082 671 411 415 667 
Sesame oil CS2 25 1248 1007 241 216 1032 
controls 
CS4 25 843 760 79 333 510 
CS5 26 2346 1506 799 952 1394 
* Includes cells in midline whose laterality could not be determined. 
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TABI.E 11 
Bilateral Distribution of Germ Cells in the Gonads 
Following Injections of Various Preparations 
Per cent 
Treatme!lt Embryo Stage Total Lt. Rt. on rt. 
C4 2.5 344 236 108 31.39 
Normally C2 26 1282 10.59 223 17.39 
developed 
controls C3 26 2234 1772 462 20.68 
C5 26 1011 578 433 42.82 
Pl 24 22 19 3 13.63 
P7 24 221 206 15 6.78 
Testosterone 
cypionate in P9 24 201 199 2 0.99 
cottonseed oil P2 25 164 13.5 29 17.68 
P.5 25 876 832 44 5.02 
P6 25 646 623 23 3 • .56 
Fll 26 736 504 232 31.52 
F15 26 1451 1250 201 13.8.5 
Cottonseed oil 
controls Fl6 26 998 68.5 313 31.36 
Fl8 26 1396 901 49.5 35.45 
FlO 25 294 241 53 18.02 
F5 26 635 477 1.58 24.88 
Testosterone 
propionate F7 26 1060 878 182 17.16 
pellet F8 26 314 262 52 16.56 
F9 26 272 266 6 2.20 
P4 24 406 361 45 11.08 
Estrone in P8 24 1184 962 222 18.75 
aqueous 
suspension PlO 24 678 .573 10.5 15.48 
P3 25 466 349 117 2.5.10 
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TABIE 11 - Continued 
Per cent 
Treatment Embri:o Stage Total Lt. Rt. on rt. 
Fl 26 1271 902 369 29.03 
F2 26 945 846 99 10.47 
Estradiol-17f3 
crystals F3 26 794 737 57 7.17 
F4 27 1345 1146 199 14.79 
Chl 25 1786 1549 237 13.26 
Cholesterol Ch? 26 1117 1065 52 4.65 
crystals 
Ch9 26 690 358 332 48.11 
ChlO 26 473 322 1.51 31.92 
Cyproterone acetate 
A4 25 311 252 59 18.97 
Crystal S4 25 248 227 21 8.46 
Al 25 113 62 51 45.13 
All 24 2Y-1- 223 11 4.70 
In sesame oil Al2 24 863 779 84 9.73 
Al3 24 298 223 75 25.16 
CSl 25 667 462 205 JO. 73 
Sesame oil CS2 25 1032 860 172 16.66 
controls 
CS4 25 510 469 41 8.03 
cs5 26 1394 942 452 34.42 
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TABLE 12 
Number and Distribution of Dividing Germ Cells in the Gonadal 
Area Following Injections of Various Preparations 
Dividing PG Cs 
Treatment Embr;yp Total Gonads Dor. :Mes. Total Per cent 
C4 610 1 3 4 o.66 
Normally C2 2394 22 25 47 1.96 
developed 
controls CJ .3271 42 28 70 2.14 
C5 2018 22 11 33 1.64 
Pl 58 J 3 6 10 • .)4 
P7 623 J 7 10 1.60 
Testosterone 
cypionate in P9 287 2 1 3 1.04 
cottonseed oil P2 8.58 10 12 22 2.56 
P5 1261 18 11 29 2.30 
P6 1090 11 7 18 1.65 
Fil 1400 18 13 31 2.21 
Fl.5 1849 31 7 38 2.06 
Cottonseed oil 
controls Fl.6 1507 29 11 40 2.65 
Fl.8 1948 25 7 32 1.64 
Fl.O 925 8 8 16 1.73 
F5 1360 8 6 14 1.03 
Testosterone 
propionate F7 1688 16 6 22 1.30 
pellet FB 886 l 5 6 o.68 
F9 915 7 7 14 1.53 
P4 794 13 14 27 3.40 
Estrone in P8 1876 32 12 44 2.35 
aqueous 
suspension PlO 1332 12 8 20 1.50 
P3 lO'H 9 6 15 1.44 
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TABI..E 12 - Continued 
Dividin"' PGCs 
Treatment Embr;yo Total Gonads Dor. Mes. Total Per cent 
Fl 1527 19 3 21 1.38 
F2 1481 18 14 32 2.16 
Estradiol-17,.B 
crystals . F3 1251 16 7 23 1,84 
F4 1995 23 8 31 1.55 
Chl 2980 28 9 37 1.24 
Cholesterol Ch7 1726 18 12 30 1.74 
crystals 
Ch9 1492 12 7 19 1.27 
ChlO 1075 10 12 22 2,05 
Cyproterone acetate 
A4 606 0 7 7 1.16 
Crystal 54 1073 5 11 16 1.49 
Al 199 3 5 8 4 •. 02 
All 700 9 8 17 2.43 
In sesame oil Al2 1436 45 8 53 3,69 
Al3 · 1154 8 9 17 1.46 
CSl 1082 0 0 0 o.oo 
Sesame oil CS2 1248 17 3. 20 1.60 
controls 
CS4 843 11 3 14 1.66 
CS5. 2346 25 19 44 1.88 
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PIATE 1 
EXPLANATION OF FIGURE 
1 Graph showing the total mean number of PGCs and standard error in 
embryos given colchicine and saline. These values represent both 
intra- and extra-embryonic PGCs at 18, 28, 48 and 72 hours incu-
bation and intra-embryonic PGCs at 96 and 120 hours. 
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PI.ATE 2 
EXPIANATION OF FIGURE 
2 Graph showing the mean number of intra-embryonic PGCs and the mean 
number of extra-embryonic PGCs in embryos given colchicine and sa-
line. The large dotted line represents the mean number of intra-
embryonic PGCs and the standard error at the incubation ages giv-
en. The small dotted line at the bottom shows the mean number of 
extra-embryonic PGCs and the standard error in embryos of 18, 28, 
48 and 72 hours incubation. 
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PIATE 3 
EXPLANATION OF FIGURE 
J Histogram depicting the mean number of PGCs (left ordinate) and 
a graph showing the mean number of dividing germ cells (right or-
dinate) in embryos given colchicine and saline at the various in-
cubation ages shown. 
22 
20 
_ 18 
en 
0 
0 
::::. 16 
en 
-
(l) 14 u 
E 
:.... 
~ 12 
-
0 
""O 10 :.... 
0 
E 
:.... 8 a.. 
-0 
:.... 
(l) 6 
..c 
E 
~ 
z 4 c 
0 
<l> 
~ 
2 
0 
128 
[::~.,:] = Meo n no. PGCs 
• .... =Mean no. di vi ding PG Cs 
100 ~ s: 
-· <l> 
3 Q 
0 ~ 
80 Q_ z 
-· c 
Q 3 
(j) g-
60 <l> ~ ~ 0 3 --+> 
() g 
40 <l> < 
-
-· 
-(/) a. 
-· 
- ~ 
20 r~ 
.!. 
~: ... > .:- . ~< ·. 
..... ;':::a.·~·'?! ..... ··~·~!'~'\ 
18 0 120 
.. -•. - .. 
28 48 72 96 
Incubation time (hours) 
..... 
~. 
.. 
.. 
.. 
. . 
PIATE 4 
EXPI.ANATION OF FIGURE 
4 Graphs showing the "coefficient of multiplication" and the "coef-
ficient of mitotic activity" of the PGCs in embryos given colchi-
cine and saline. The upper graph represents the "coefficient of 
multiplicai;.ion" (the increase in mean number of PGCs at one age 
over the preceding age examined) of embryos at the incubation ages 
shown. The lower graph shows the "coefficient of mitotic activity" 
(the increase in number of dividing cells at one age over the pre-
vious age examined) of these cells for the same embryos. 
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PIATE .5 
EXPIANATION OF FIGURE 
.5 Histogram depicting the mean number of PGCs in the area of the 
gonads (gonads and adjacent dorsal mesentery) and the standard 
error in .5 day normally developed embryos and in embryos of the 
same age following administration of testosterone, estrone, estra-
diol-17,B, cyproterone, sesame oil, cottonseed oil and cholesterol 
at 33 hours incubation. 
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PI.ATE 6 
EXPI.ANATION OF FIGURE 
6 Scattergram plotted on semi-logarithmic paper showing the total 
number or PGCs in the area of the gonads (gonads and a.djacent 
dorsal mesentery) in 5 day normally developed embryos and in em-
bryos or the same age following administration of testosterone, 
estrone, estra.diol-l7fi, cyproterone, sesame oil, cottonseed oil 
and cholesterol at 33 hours incubation. The bar in each column 
represents the geometric mean number of PGCs found in each group 
of embryos. 
ND= Normally Developed 
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E= Estrone in aqueous suspension 
17 ,B = Estradiol- 17(3 (Crystalline) 
CC= Cyproterone (Crystalline) 
CSO= Cyproterone in Sesame Oil 
SO=Sesame Oil 
Ch =Cholesterol (Crystalline) 
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Abbreviations 
C,. coelom 
D, . diencephalon 
DA; · dorsal aorta 
DM, '·dorsal mesentery 
E, . endothelium 
Ee,.::. ec'tcxierm · 
EEBV, ·e..xtra•embryonic blocxi vessel 
En, end.cxierm 
ExC, · e)\tra-embryonic coelom 
G, gonad 
GE, 
H, 
ICA, 
M, 
Me, 
Med, 
N, 
NT, 
P, 
T, 
Y, 
PU.TE 7 
germinal epithelium 
head mesenchyme 
internal carotid artery 
mesonephros 
• mesenchyme 
medulla 
notochord 
neural tube 
PAS-positive material 
telophase 
yolk 
EXPIANATION OF FIGURES 
All photomicrographs on this plate are of embryos previously given col-
chicine and subsequently stained with the PAS-technique. 
7 Stage 5. PGC (15,,µ.) in metaphase attached. to the endcxierm (En) lat-
eral to the primitive streak. Note the large accumulation of PAS~ 
positive yolk granules (Y) in the space between endcxierm and ecto-
derm (Ee). X450. 
8 Stage 5. Detached mitotic PGC (17µ) in colchicine arrested. meta-
phase stage located anterior to the primitive knot. Note the accum-
ulation of PAS-positive material at one pole of the cell. X,560. 
9 Stage 8. Dividing PGC (l8,1t) attached to the endcxierm (En) ventral 
to the developing head (H) in the uea of the proamnion. X560. 
10 Stage 8. Isolated. view of the dividing germ cell seen in figure 18 
showing the distribution of chromatin and PAS-positive material. 
XlOOO. 
11 Stage 11. Two detached PGCs (14)l, l~µ..) in metaphasic arrest loca-
ted between the ectcxierm (Ee) and the endcxierm (En) in the extra-
embryonic area anterior to the head. X450. 
12 Stage 12. PGC (lli;tJ in metaphase located outside and in close con-
tact with the endothelial lining of an extra-embryonic blood vessel. 
X560. · 
13 Stage 17. Dividing PGC (lJµ) within the dorsal aorta (DA) at the 
level of the developing gonads. This cell appears to be in the pro-
cess of penetrating the endothelium of the dorsal aorta. A neigh-
boring PGC has apparently completed penetration. X450. 
14 Stage 17. Dividing PGC (llttJ located in the head mesenchyme (H) in 
close proximity to the internal carotid artery (ICA). X495. 
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EXPIANATION OF FIGURES 
15 Stage 4 of an embryo given saline. Resting PGC (l~) in contact 
with the endodem (En) of the area pellucida lateral to the prim-
itive streak. Xll2.5. 
16 Stage 5 of an embryo given colchicine. High power view of the 
dividing gem cell seen in figure 8. Note the arrested metaphase 
configuration of the chromosomes and the distribution of the PA5-
posi ti ve material (P). X27.50. 
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17 Stage 5 of an embryo given colchicine. Two closely associated PGCs 
(l.5}J located in an endodermal loop. These cells appear as if they 
have recently divided. They are located within the endoderm (En) 
near the junction of the area opaca and the area pellucida. Note 
the spherical accumulation of yolk (Y) near the ectoderm (Ee). 
n237. 
18 Stage 8 of ·an embryo given colchicine. Dividing PGC (1'7,.t4 in a 
"star-shaped" type of colchicine metaphase located immediately 
lateral to the extra-embr'Jonic coelom (ExC) posterior to the level 
of the anterior intestinal portal. A large spherical body contain-
ing yolk material (Y) is seen adjacent to the ectod.erm (Ee). Xl2'.37. 
l'.34 
Figure 17 
Exe 
Figure 18 . 
,'• 
··. 
· ... 
PIATE 10 
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19 Stage 8 or an embryo given colchicine. Dividing PGC attached to 
the endodennal layer (En) just lateral to the embryo at the level 
of the anterior intestinal portal. Note the extra-embryonic 
blood vessel (EEBV) immediatezy above the genn cell. Xll25. 
20 Stage 12 of an embryo given colchicine. Dividing PGC (16,.tJ with-
in an extra-embryonic blood vessel situated. lateral to the devel-
oping head. Note the polarity of the PAS-positive material in 
this cell. x1125. 
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21 Stage 12 of an embryo given colchicine. High power magnification 
of the PGC seen in figure 12 which is re-oriented in position. 
Note the close apposition between the germ cell and the endotheli-
al lining (E) of the extra-embryonic blocxl vessel (EEBV) which is 
.filled with blood cells. x2500. 
• 
22 Stage 13 of an embryo given colchicine. Section through the pos-
terior region of the embryo showing colchicine arrested cells of 
the neural tube (NT) and adjacent mesenchyme (Me). Xll25. 
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2J Stage 14 of an embryo given saline. Dividing PGC (16,i<l located 
in an extra-embryonic blood vessel (EEBV) anterior to the head of 
the developing embryo. Xl'.350. 
24 Stage 17 of an embryo given colchicine. Dividing PGC (l't,u) with-
in an extra-embryonic blood vessel lateral to the embryo proper. 
Ill25. 
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25 Stage 22 of an embryo given saline. The dorsal mesentery (DH) is 
seen to contain two dividing PGCs (15,.tJ approaching the left go-
nad. A small portion of the left gonad (G) is seen at the lower 
right. Xl125. 
26 Stage 22 of an embryo given saline. Section showing germ cells 
aggregating in the dorsal mesentery (DH) near the developing gonads. 
Note the PGC in late telophase (T). The diameter of each of the fu-
ture daughter cells is 14.5)(.- Xl125. 
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. 
27 Stage 25 of an embryo given colchicine. Low power magnification 
showing the left gonad (G), right and left mesonephroi (M) .and 
the adjacent dorsal rnesentery (DM). X135. 
28 Stage 25 of an embryo given colchicine. Higher magnification of 
the area delineated in figure 27 showing a portion of the left 
gonad (G) and adjacent dorsal mesentery (m!). PGCs are lined up 
along the epithelium of the dorsal mesentery bordering the coelom 
(C) prior to entering the gonad. Note the intense PAS-positive 
staining of the PGCs in both the resting and dividing cells. 
ll250. 
29 Stage 25 of an embryo given colchicine. Dividing PGC (15)() loca-
ted in the head mesenchyrne (H) adjacent to the diencephalon (D). 
Note the polarity of the PAS-positive material. X450. 
JO · Stage 25 of an embryo given colchicine. Dividing PGC (12,t't) loca-
ted in the head mesenchyme (H) just lateral to the diencephalon 
(D). X450. 
Jl Stage 25 of a normally developed, non-manip.tl.ated control embryo. 
Section through the left gonad (G) and adjacent dorsal mesentery. 
Note the intense PAS-positive staining exhibited by the germ 
cells in both the gonad and the dorsal mesentery (DH). X250. 
32 Stage 24 of an embryo given an aqueous suspension of estrone at 
33 hours incubation. Section through the level of the gonads 
(G) demonstrating the PAS-positivity of the pt'...£s. Note the two 
small clusters of PAS-positive germ cells located in the dorsal 
mesentery (DM). The left gonad (G) can be seen to the right. 
These clusters are typical of this stage of migration. X250. 
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33 Stage 25 of an embryo given colchicine. Dividing PGC (l~ in 
the area of the notochord-neural tube complex. It is seen in the 
mesenchyme (He) lateral to the notochord (N) at the level of the 
liver and lung buds. Note the heavy concentration of PAS-positive 
material at one pole of the cell. X1237. 
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34 Stage 24 of an embryo given testosterone cypionate at 33 hours 
incubation. Section through the developing gonads demonstrating 
a retardation in gonadal develoµnent. Note the small size of 
the gonads . ( G) as canpared with figure J.5. The left gonad is 
to the right. x250. 
35 Stage 24 of an embryo given testosterone cypionate at 33 hours 
incubation. Section through the developing gonads (G) showing 
nomal gonadal develoµnent for this period. X2.50. 
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36 Stage 24 of an embryo given testosterone cypionate at 33 hours 
incubation. Section through the dorsal mesentery (DH) at a 
level near the most caudal aspect of the developing gonads. Note 
the pyknotic cells in the dorsal mesentery characterized by 
clumped chromatin and a spherical formation of the PAS-positive 
material. These appear to be degenerating genn cells. X112.5. 
37 Stage 24 of an embryo given an aqueous suspension of estrone at 
33 hours incubation. Section through the left gonad showing a 
dividing PGC in the germinal epithelium (GE) of the developing 
gonad. Two resting PGCs are seen above the dividing cell. 
Xl125. 
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